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ABSTRACT 

Reported is a longitudinal study on changes in 
affective attitudes for the purpose of deterinlning the effectiveness 
of a 1971-72 innovative guided design course. In the pretest-posttest 
control group design, the experimental group was conipoaed of chemical 
engineering juniors, and the contrdl groups were junior students in 
civil or industrial engineering. Affective variables included: (1) 
student's perception of himself and his surroundings, (2) 
debilitating and facilitating anxiety, (3) internally-oriented 
characteristics, (4) achievement motivation, and (5) understanding of 
engineering function. Osgood's semantic differential. Rotter 
internal=external locus of control scale, the Edwards personal 
preference schedule achievement scale, the achievement anxiety test, 
and an engineering function questionnaire were used as instruments. 
Practicing engineers answered the same questionnaire to ascertain 
differences in their operational procedures, significant differences 
were noted in perception of the importance of cornmunications as 
compared to mathematics and science and in such concepts as 
"engineer," "future goal," and "change," The remaining variables 
manifested changes in the preferred direction. The experimental group 
become more internally controlled. The guided design course was 
satisfactory. Recommendations were made on further research on noted 
trends, (CC) 
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ABSTHACT 



A new course st^ructiure, entitlud Guidtd Dc^Blgnj is gaiiung notciblc 
attention in cMigineorinf; Qducation. A majoj: rGason for thii^ atUGuUion is 
the proinisc^. tlm course pattern holdfi for influoneing RtudenE .iffecLive 
altitudes 5 in addition to its empluials in the cogni.tive damain, Thn prGsent 
project used pupc?r & pencil instrumunts to examino changes in student 
attitudes in a time-^dep^ndcint longitudJnal fanliion as a result of taking 
n tMo-smmut&v sGquencci of a Guided Design course. 

Significant dif f erciiGGs In the preferred direction were noted for che 
eKperiniental group as compared to the other engineering control groups. 
At .X^0,05, the experlnieD tal group had a greater change in their percc^ption 
of the importance in engineering of communications as compared to math and 
science* and in their perception of the semantic differential concepts 
'engineer', 'future goal', and*chan|je^ Ati>;-0,16, a relative improvement In 
debilitating anxiety was noted* 

Changes in the preferred direction were noted for the experimental 
group for facilitating anxiety and understanding of the engineering function. 
The experimental group individuals tended to become more internally 
controlled. 

These results are Interpeted to mean that the experiniental Guided 
Design course does positively influence students in the affective domain* 
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;i:NTHni)iiOTinN 



].nc^rn(\ii±uf\\y ^ . people in nur culiuru /irc? BCrirc-li i fax a ^^roait^ir 
rt^C'Vcineu inid un6vrt\i:nndiri}^ :in Lhcjir worl:, in Cliuir odncaLinn, i ii 
Uluri r l ivCH, A^i n uonKQqiKriu^Ci in chk hiC'Cr inf^ ctlucnLlon Lhv nduiiCJon 
of; frtM^hm/in dcinlgn cnursGK Iuik accurred in nioBi: unir^ ^ic^^eri nj^ hcIiudIh In 
thu cnuuUry; new cH^Hlgn cannu'^ nra lu^in-; Inntitultd UiUo t]ii\ iumklui; 
yciar^l ? - ^) nnd in f^eJ.ecUt^d univairB J trUiH dosij^n work is bcinH incorpor" 
ntvd l;ii;n nil f:uur ycnVB of lliG anginiiprlng curr icu liim. (3 s 6 ) in 
pnrtif'nuir thi5 tirnirriu vJork in &xpecL<'d to nsnliivntu t\io BtudtniL and givu 
h.hn ai: Llic □arlicHL wLaga oi hie educnUjnn u iiioro cuniprclienH .1 ve undcrHL^nHj i ng 
of the? runcUian jng n f an en^* in tier * 

Now course sUructurea such as PSlC7jS,9) .^^^ hein^ instilrutGd to 
improv^^ thc\ efficLoncy of vot^ching the theoretical concepts nnd nneu of 
anginccn'ing , In [^tnieral thaii;^ hgw course Ktyles alBO provide for 
concern with socinl rGlevancG, while nmintaining or increasiiig ilovels of 
content learning. 

A course sturcture gfiiiiing notable attention is Guided DeBi^Hj ^--^^ 
as it coniblnes tlie Belf--study aspects of PSI with the ainphasnB on desian* 
This cDursG style is being used at West Virginia UniverKity; Fairniont Stato 
College J Wright State University, Younstown State University ^ and 
UnlvGrsit.^ of Michigan. In odditlon at least three ouhcr institutions are 
considering adoption of thlB course pattern In soiiic of thalr aour^es* A 
Tnajor reason for tlie attention and proinise of the structure fippears to be 
that this course pattern has a strong influence on affective attributes (3.1) 
in addition to its successful treatment of learning acclvitlefi in the 
cognitive doiiialn, (12) The present study was undertaken to determine the 
extent to which affective factors Tnlght be affected by the Guided Design 
course structurei 

Pgo j gc,^ Q h j ti ves 

Oingj^Jecti^^ of th^ present project w as to ex amine changes 
in studen t a ffect! vc .attitude s In a 1 3 ine-dfipendent longitudinal fasliloi'i 
as a result of taking a two- semester sequence of a Gui ded Desl Bn course . 

Ills torica3=ly ^ the engineering education community has been primarily 
concerned with students^ cognitive learning and dealt with the issues of 
coursG design and evaluation in tl^at connection, llowcvcrj engineering 
educators increasingly are becoming more tiv;are of the importance of taking 
into consideration. affecClVG aspects in course deHignH , (13? 1^) A 
pioneering effort by Korn and Wise(^^5^ looked at the interaction of 
affbctive variables and college success. For a narrow range of liigh - 
ability students s they found no eorrulation between academic porformance and 
intellectual aptitudes , (^^^ , Instead, a variety of attitudes and affective 
variabJes accountad for most of the varinbility in a student's academic 
performnncc, Thus recent cour^je desigiiB have' Incorporatcid tlio theory of 
GducntiDnal psycliology for affective laarning* But little hiis been down 
towards cjuant J fy! ng tlie of f ecti venesB of tlietie new affective designs* To 
the quthur ' s knowlcHb^e the only prevlduf^ lonKli tud ina 1 Btudy of changas in ^ 
affective chnracLarlstlcH cunducted on cullcRt^ oncineerlng courses waB 
conduetod on a freshnian Guided Design c:uur«eil'^) 



tMiu^wiLion {.Ml i rj Cijiuiu. IliCi iJcparL ii;-nL of Clu.ii:;i.cal IlU^u lu-e rl rnu Wc'^Jt. 
VLrKinuJ Uinvon^ltyj jn inUiiaUipK n nc^w cun^h;uliini uLl.LUinH GujclCMl naHj^n 
rmd othav ijinnv/itive f Ciatiuros , An in = dup(-li c vnJ ual: M.»n uf lIiLh L:urri<:ii.lii:ii 

boing CMjiulncUnd iiH ;i t: beJ iif; ddvcil opcid . In ciontr-H;ii LD mnn}' publl^hcti 
paperfi an ibu tbaory of CLnrriculun cvalimrioii, Lhajry hnvt! boan very J'ow 
QXi5(jr;l.nicnL al HUucbios lii the lil-crnLurc? of Lbu cf f ttctivc-ncKH t^f ncn-r cuirrJcula. 



(17) 



Cqu rji_c^ S n r uc_turc2 

The mndlj-led vnrplon of Uhc.- Guided nn^M.f:n f5t:ruct\ire v;an prc^;onl;cul in 
Thcn^TiiodynnniJ ca ^nd Kinetics j a chninLcal an^;liitrai;.i.ng 2^Hcn!iey tor uourMU 
[ic^quoiicei (3 crc^ditfl pvr soinestfM:) * lU difiared from iiiont: Guided Pafrlgn 
courses In that little vrit-'cn f^cd back on design products givun, as 

oral feedbaclc was extt?nBl^,'ely uHod. 

To onhance the student attribute's of indcipandenca ^ BcJ.f-iniage and selJ:-- 
control over bis environment, the students ware askod to self-study pro-^ 
gramiimd teKtsi and than to woric bn assigned engineering problems* About 
60^70% of the required problems v/ere correctly done by the students on 
their first try. The instructor corrected and guided this work towards 
succesaful conipletion :of the probiGm:y by writing extensive comments on the 
hoiiiework. The studenta reijorkad the problenis until thoy satisfactorily 
conipleted all the honie\/ork. For each section of assigned homev;orkj thare 
was a test* Upon completion of. the homework as indicated abovej tlie student 
was eligible to take the exam* He had the option of rutaUlng the oxam to 
improve his grade* 

A rigorous j but respectables work load was required. About prob^ 
lems/semes ter were to be worked by the students. Forty (40) other more 
difficult problems were available for extra eredtt toward their grade* 
(This coiiipareB to 80 required problems for a physical chemistry course also 
being taken by the students at the same tiino. ^^^O The homework was expected 
at about tw0"week intervals. The intent was to encourage students to pace 
their day--to--day work. 

Open-ended design projects vjere included to develop an Inclusive 
picture of tlie course content while modeling the framework of a working 
prof es.slonal. Guidance was given In a formal strategy approach to projects. 
It uses applications to enQourage thinking in preference to a formal course 
to abstractly teach problem-^solvlug and thinking, ^^5) 4 total of 7 projects 
were used during the year. Students were required to work in groups of 4-6 
to enhance the ability to work in a group and get along with fellow student 
professionals* The projects also served tlie cognitiye goal of dos^aloping 
student intellectual and comprehensive problem^solving skills* 

The instructor devoted clasa time in allov/ing the students to progress 
on projects or to dlfjcuHsing the homQwork or the class progress on the 
project* The course tiierofore differed from conventional courses in the 
ninount of inLerpersonal Interaction's the emphasis on feedback and 
practicality 5 . and the design projects which were to stimulate higher 
cognitive thinking, 



Appendix 1, An u:-:ninpjc c^f ci ^; t udfiiU }\vnup rupni L cni i) prpjC'ci: 
pra^^cnLGcl Jn ApiK?nOi>: 11. 

Clurf ce_fj[ KvjiT^iKJl J on 1}^-^ t^iy^'LL^^/l 

Five ofrcctLvci vnr iabJ.UfH v/efG uKaiiiinud in t\\\H Btj\icly. 

Thu studcinl'M percopciun of IiIinHL^lf and uirroundinan :i iinporuint: 
deucirinltuini; in IjIh ability to v;ork wlu!i otliorn ^-nid UO be HaliHCiod wilh 
hjG ai-7ii work, A gunQrn]. inatirnmonL l;o Cap rhcHc^ pturuapt: i oiu: , witli 
refipoct to koy CQiiccptK Bucii ^is pnorM^ ins t: rue t" Ion ^ 1r Ulio nH^;oud'H 
Kc?ninnUic Dlf fc^rcnuiii] * vjaH can j cictiirDd thai: tlie cournu fornuiL, 

vjirlch rctqulros «Jl:udPnt:H^ to wnrk cloHCiJy with his pnary, nnd liave c]f)8u 
interaction with tlie insUruGtorj inij^lit change s Btudunt^s perception 
of his Gnvlronmen t . If a cliange in n cnncept pnrcaption is notud In tlici 
positivdi dirccuions impifovoments in Rait isf acta on iGvel und ability to 
work in graupK might be supposed. 

The courBa utilised an exam procodui^e whlcli mandated prapiii^atory 
honiework* The Btudent waa then rGady to take tlie axam at the mutual 
convenience of the student and instructoir. Coupled with no axam time 
reBtrictlons and the practice of using the best eKom of an optiona] two 
exams for each Bection of itiatarial, tne anxiety level of tlie student 
liiight well cUnnge. Dabilitating anxieUy should be lowored v?hile test 
performance Increases, The instrunient uned to eKamine this liypothesls 

the Achiovemont Anxiety Tests ^^^^ which yields both debilitating and 
facilitating anxiety measures. 

If a st\ident is successful with the self-study features, increased 
feedback to the students in problems and projects ^ and e>:aiii procedure , he 
might be eKpected to increase his feeling of control of his situation and 
becoiiie more internally oriented. An Internally'-oif iented individual, who 
believes positive and negative events are the consequences of his own acts, 
tends to have a hinher level of work proficiency and more favorable 
personal qualities (ability to work with others , sclf^-reliance, courtesy 
and work tolerance) . *^22) .^j^^ modified Rotter Internal'-EKtGrnal Locus of 
Control was ^choseri to examine this characteristic. ^^S) 

According to aehievement:-=motivatlon theory ^ ^^4) students with high 
achievement motivation do more and better work when positive accomplishment 
is a result of diligent effort, A moderately difficult task seems to 
provide the best motivation. If too difficult a task is presented, the 
student gives up; if too easy a task is presentedj the student does not 
feel challenged and does not expend sifficicnt effort, A mnjor modification 
cdnccrns a person -y fear-of-f allure ; for individuals they may have a 
tendency to be predominantly nchievomcnt'- or fear-motivated * (2/0 EnginCGr-- 
ing is noted for the rigor of its discipline , and the euiphasis on 
solution of many problemSi Engineering education appears to fulfill many 
aspocus of achievemDnt njotivatlon theoryi It appears to be a strong 
self-adjusting system, obtaining Ss with high nchiovement inatlvation. 
The IncreaHod emphasis on design in the present cKperimcntal couraej 
coupJed with net goals and a number of problems of various dirflculty, 
would seem to nieet the criierin of achi cvemeat=moL i vation theory for high 
accQmplishment ruUios for HLudcnts, It iiiight ha puH^iblc to produce a 
chnngo In affiliacion motivation itself with a designed courHe structure. 



Moro I. iiu^ly, lu-h I u vivrsun L liiiaiVMlion wH 1 hv Irigh niic) purhnp/^ In* n 
fiiuLur In ai: furl' i 7=1 rhnn5;t:n in t!iu vnrinbh^H, uliwU^nl pu rceiu. f (^ii 
(OHgnocl'r Sciii/int. i c Hi f fcjrriiL i n 1) nr lucu:; ui" cnnLi'ul (liuLt/cr hiliM'nal- 
nvLpriKf] Lof-UH of ConUrol). 

Ouci Important fGat:urc: of HucucRy f iij t.ni^\ l.nt^urR ]i^ clioi r npprunch 
to thuir jcib, ^"^^'^^ Such fnc;lcrH rcl i.Ly , f^CMinrnl k!iuw|rdv;c? nf 

Lechn.U:/! I cionaepLs 5 wIllxngiicMiH l:a iiruuuiie a Aargv^ work Jnnd, nre 
criL Leal* Xu bo. sucec'i^H f ul 3 tlm engjnooi: Hliould ])^. nx-Jtivc o\ uliane 

facLorn. Thti fnclcjrH nrn ructLvc^ i.cs t:Q inanncr in whlcli the ind.i, vidua 1 
oparolui^5 but arc hnsi^d on cu\nr\.\: Lvo knowliul^j^Q uf boUh tacbnicaJ cDncuiM;^ 
and working cond lLlouH, Own experts Cluii" cuj Labi j Rhc)d cngJnucirB v'Duld 
have diffcnrnnt: jir ra (; ifnial in;uccdurc^3 Ulian da suudcnl, to oHCii-rVain 
these diffo ranees 3 ai queBi:iunnai i^a waH cunsLructod and ndniiii.i ?;Lt!rad to 
practJcJaig ongiiiacrBj and s)ub^iequently to the HtiiuontH. 

One othor dDnmin of obvious importance is ambig\iit:y tol.ernncG. In 
practice;] Gng:inQeriny situatiouB^ oftcin the solution, or evcui Ube ])roblein 
itpelf 5 are very unclear and inod . YBt the: eugineer niust work as 

best ha can. In most curriculuins , a student genGrallv ubbh only small, 
straigb t-^f orward textbook problems. The dGvclopnient of tolerance for 
ambiguity Is an iinportant nead. The use of mora complex projects v:lth 
various nlternaulva sulutinnsi should hnlp the studnnt progresB In this 
engineering trait, although it is difficult to r>ndify this trait. A 
separate experimental program is being pursued to analyze the progress of 
students through a 4 year curriculum utilialng largQ projectHi This 
program v/ill analyze the development of technical concepts and ambiguity 
tolerance . ■ . 



A p 1'.' ; ' L" Jin: : I 1 ■ C'/Mitri*! ^.rouj') no;.:i;in un?^ u?uu! i j;n ucly clKun^i^ in 

v:.:pi'riii:.M ! ! run li i M , - -r^ o 1: liiJiiiMl :a:ndcnr t'ni"iii;l iiienL: tl i oL:nt:iid Clinl V\n\ 
crijWM: I I'U'. ^ ' ;^!~nu^j ; :'5^,;iMoM0u c\ ]u\i\uvr in rlicmi c^al an ueo ri lij^ nV 
i'oiM; VJr:''.ii.t Univ.r I <; y 4.aiv<5:n'.U in n renuiriui connu- ^^oqitcnict^ 1^71-72, 

fivjl cvr h;viu^; ri^il , n lU^^n r J n>=', J iiii i or- ] ev.! J ru-iquirod ruurMOH. 11u? civil 
nnd induM ilal eiiuvi i^'^ n^.^ cu r r i rn! innn c^i.Jijd for no uourHus in n fnriiuU; 
r^idlcnl];' tUrfemii i rnni trnd i L:i cMinl ciiig 1 ncc r uig niuilunlM. In 197!^-735 
n]J HLi];koCM .in un^ ^^'^^^ ^ ? ^t* W.V.n. wJ 1 J ]]:\yu bfiCMi C'?^jU^Hud to n Cuidad 
iJUfiign ij.tM iiiiiau coun^-^ niiiiilnr i:o Lho present: Q:<pGriniun t:n J, courfiQ forninl:, 
HO uha MLiidy -.unirnji d;)roct;iy rL'))i j uaLtid hL W.V.U* 

Tlut lnH[:runianL:^ uncd^wcre OBgnod^s SnnuinU:la Dif fc^ rential, HoUter 
Intcnrnnl-l^xicrnaJ Lu-uh of Cantiroi Scaln, thu Edwards ruirsoiial Prcf eireiice 
Suhedulu-'aciilevtiment ficale, t\m AcliievQintnnl: AnMlety Tusl; and an Engineer-- 
ing Function Quest: J onndlre eBpt^cially cDnBlructcd for tliis study* 

The Rol:l;er InBtirument is a 29 item, foraad choice Instrument, It was 
scored by suinming tlie, number of checked external itcniH to give a raw 
nuiniHriccil scorG for tiocli studciht; . (23) l^otal avciragG values for the group 
pretc.^t Lmd postteyl Bcores could ba compared, as v;^=ll as average changes 
for iiidlviduals. 

The EPFS Instrumant consieted of a 28-ltcm f orced-^choi ce quiz) The 
standard Bcoring key supplied vrlth the inBtrunientB was used to add the 
number of n--achiGvanicnt items checked. An average group ^core for the 
pretest ^iid posttesL was then determined. 

The ANr instrument was a niultipla^choice, 19 item test. ^21) mnm 
Items coneerned facilitating nnKiety, ten items were concerned with 
debilitating anxiety. Kach item received a value of 1 to 5 for the choice 
checked, and was indicative of the apparent anxiety level. The facilitating 
and debilitating anxiety scores were summed separately. The change in score 
for individuals were tlien determined ^ and an average change for the group 
calculated . 

The Os|^ood-s Semantic Differential was a siK^scale Instrument , two 
scales eacli for ' evaluation ^ ' 'potency* and ^activity' dimen^iions , The 
concepts presented on n seven^point bipolar adjectives scale were 'change, 
thinking/ engineer, future goal, instruction, peers.' A preliiiiinary study 
In 1970-'71^aiso used the word concepts aspiration , socialiF.ation ^ educatio 
Instructor^ achievenient , failure or cnvironnient , ' A encore of 3 to 7 was 
given for each of the 6 bipolar odjactiveH Bcalc as the checked item varlGd 
from negative to po?^itive for a i*ivon word concept. Individual and group 
concept scores were tliciii compared over the given timQ period. Net raw 
scores for aJ 1 concepts *aould also be compiired for an overall lndjcat:lon of 
attitude , . 



11.'^ hnr.iuc'erj.n£; hunv.Lion qiK-,.i. ;[ onnu.L irc wuh f..on,pos(Ml hy tha /nu!,..u- nnd 
Co.! U,p of EducatLon.WcKSt V i ,.-j;j.nl a Uulvar^itv. i i w.-m',. 
.IJ iUfin muUiplc uhoicu quCH f Loniui Ire . Tlu! tcsma wfru dr.wn frnn, Liu- 

.•luChur s axpurJoiicci nnd publlwhpd ihita on (..,>;■, InciurB ' prnccptions A n-t- 
Jlmin^ry vcu;h Ion of 22 itcmB wus JiHtributcul Lo cnginc-ur i .><. prafrf^snrn n.ul 
vvorkuig prait.HHxona]H for tlieni to coinpiQtc llastid on tlio nnuJysJK or thpir 
rcHponHGs, _J iuams worn dropped and j,,oBt of tliu remimiinK iLoma wuru rcwordc^d. 
II.XH questionnaire wa« Heni; to 20 J.nduatrial organ! ^ul::i onn with provisions for 
J d^ffc^reni: priJcLicJuK cuglnearH to £111 out BuparatG quustLonnnLvO',. Tliclr 
surmnatlve ro«punsea formed the basis of the mialysjls of the HtudBiU re«po„s...t. 
A total of J.; responsuB from practicing enaineo™ werii utlliKed. J f an item 
cioacc received 16 or more responses, a valuo of A was oHRLrnod to tl.nt 
cho:ice for Bearing purposGs. for 11-^15 rcsponRBB a value of 3 was afisUaied 
for 6-10 responses a value of 2 was aHsigncd. and n value of 1 wa^s anHlmied 
If there were 0-5 raGponacs for a given Iten, eholee. Net raw scorof. for " 
individuals could then be obtained from thi« key for th« questionnaire a, a 
whole. Group scores for speeifJc items could also be analyzed. 

AdinAnlatraU lpn o f InsUruiiia nts 

The experimantal oroup comploted the linginaering Function, OsEood's 
Semantic Differential, Rotter Internal-Extornnl Locus of Control and 
Ldwards PPS-achievement; scale on Augusti 26, 1971. The control industrial 
cnginuering group completed the Instruments EPPS-achiovenient seole and 
LnBineering Function during the week of Septeinbor 6, 1971. 

A subsequent pretest to start the second senicster was completed by the 
experimental group on January 5, 1972. The instruments were the Achievement 
Anx.iety Test and Osgood a Semantic Differential. A Junior civil engJneering 
control group completed the instrumenus on January 6-7, 1972. " 

All posttests wore eoinplated during May 1973. The experimental group 
and civil engineering control group completed their respective instruments 
the week of May 1-4, 1972. The industrial engineers completed the Instru- 
ments over tlie, last two weeks of May, 1972, 

A pilot program was accomplished during the academic year 1970-71 llie 
Osgood s Semantic Differential and Achievement Anjilety Teat were u^ed A 
civil enginecrlns control class took the preteBt durins the 2nd week in 
September, 19/0 and the post test during the 2nd week in January 19 71 The 
experimental group of chemical enBlnocra took the pretest on September 28. 
1J70 mid the posttest tho lest week of the semester, December 4-8, 1970./ 

StHtlstics 

Chl-squnre and statistics were utliaed. The equlvnlence of varianees 
lor pretest and posttestfti wera detennlnod by F-toatf;. The null hypothcsJs 
about equlvolaiice of aeoreKi between groupH (and pre vs. pontLCHt) were 
Checked by t-testB, ChJ-Hqunrc wns u...ied for chtioking dlf furenuM between 
groups (pro vh, post traatmont) on individual ItemH In the instruments 
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Nc^od for /u*]iinvcm '-nt 

The n-iichicyf:ii(mi Gooroti and chant^oi-j in the touted crowu 
arG rctjoraed in Table I, thu null hypotliuinln exmnincd is as rallpvrs 



"ThDrc In no cliifrerenccr ;ln the caSn during the acadainlc yoar on 
EVrO n^uQhiQroinBnt Iwlyuon tha OKpt^rlmontnl (^roup ancl the control {^roup 

TnDle I ' 
Stiident Bcorci^ on the Erlu/irdB^ PGrsonal 
Proicrence Bcale^Kaed for AcblGYQiiiant 

M ean Ij- - ach . Scprc ____ Guin 

N Frc^tont Posi/Ln F;t Meiin "^"s,Dr 

ExpGrimontal 15 111.31^ l^f.Ty O.Ul 3.2 ' 

Control 17 lS.3S 17.75. lJi3 t - 0. 

EPPS^CollyKe Mald^ TCO 15, dC 

(Variance - 17, l) ^^0.05 )■ ^ 



The t-tont valiie is not significant, the null hypothesis is not 
rGjeGted. The EPFS n-ach, has not been signif iccLntly affected for the 
experiinental stuaDjit^ In their Junior year as cpmpared to the eontrol 
atudents , 



Soniantlc D lf f ereiltlril 

The students percGtlonc? of the conceptiSs channQ^ thinking , 
enginger , futuro /pal, poe rg , and instruction %rere anais^zed through 
Osipod^f^ J^uQoi,^^ 6 bipolar word pairs for chan{jGS in responses as 
compared to a civil engineering student croup. Averaoo scores for each 
aoncept are presentdd below for experimental ^ control and ii reference 
C^roup, En^jineerino students have the most positive pereeptions for the 
conceptfs Hhinkine" and "future final^ They are least poGitiva towards 
peera , 



Tiiblc II 

Avevni:,o Suudcint Sf:orc for TrsLed Coucoptn 
on O^^god'S Scinirml:ic Diff tyrant Lai 



8 







IJo, 01" 


















I'ljturc; 






Suls,ipc;tn 


Instruction 








Til i 111? 


i nj^ 




OofiJ . 


Expc-risrienta]. 




1(5 


31 . 1 


30. 


3 


31.1 


3lt. 


1 " 


31 


'j 


32.1 


Expnr.i.iiiunlicil 


Jun. TS 


16 


31.3 


29. 


0 


31.0 


3ii. 


5 


31 


5 


33. 5 


Espcn-imcntal 


my 13 


16 


31.3 


29. 


6 


33.1 


3U. 


2 


31 
3h 


1 


.32.1 


Control nc-pfc 


, TO 


Ifi" 


33.0 


29. 




3 a. 2 


3U. 


T 


2 


36.9 


Contral Jan, 


Tl 


12 


31.6 


27. 


9 


E9.9 


35. 


2 


32 


9 


35.5. 


Control Jan, 


TS 


19 


3I1 . T 


30. 


0 


31.6 


36. 


0 


3I1 


.5 


■ 37.? 


Control May 


rs 


19 


33.6 


29. 


T 


32.0 


35. 


T 


3h 


2 


3!>.5 


Reforonce 
























ScMlors . 


Jan. 71 


■ 9 


3S.9 


31. 


9 


32. T 


36. 


5 


35 


S 


36. B 


Exp. Pilot Aug, 70 


IT 


32.9 


31. 


0 


32.8 


36. 




33 


3 


3^.0 


Exp. Pilot Dec.' TO 


IT 


31.0 


31. 


B . 


30.6 


'33. 


h 


32 


.5 


33.6 



A ehi-sqiiare analysis was aoiiducted betwaen expGrimental and control 
groups comparirig the nuiiVbCir of Btudt-nts who cha=n|^ed their perception of 
concGptB on the semantic diff ereiitlal in a poBitlve or negative direction. 
If the scora for an individual did- not changes the rcrailt wao exGluded 
from this arialysis. The null hypptheBis may "be stated: ^'Thero Is no 
diffei^ence hctvreen the experimental and control oi'oups in the number of 
studente who chansed their perception score on a seTnantic differential 
concept." , 

Table III ' - 

Chi"»5ciuaro Values for Nujnber of Chanfjes in Concept Perception Scores^ 



C^oiti par 1 b on 



(A) 
(B) 

(C) 



Engineer 
H.20 
0.01 
3.it7 



Instruction 
l.ilS 
1.36 
1.16 



Peers ChflnflG 
0.03 1.06 

a.6T 0.15 
o.H(-)o.ao 



Thinking 
0 

0.15 
1.1*1(-) 



Future Goal 

■ 1.63 
0.01 
0.20 



x3 ( . « 



0.05) 
0.10) 



3,Bk 
£.71 



(a) Expopiniental Group Aug 71 Jan 7^ 
■(B) 
(C) 



Control Groiip Sfipt* 
ICxpcrimontal Gro\ip 
Control Ciroup Jon, 
Pilot Bxporiinental 
Control Group Sept . 



70 " Jan, 71 
J,DAU 72 - May, 72 
7^^ - May IP. : 
Croup AUB. 70 - Dec, 70 
70 - Jan. 71 



^Tho e:<perlmental nroupB had more chan/.:rni in the positive dircatiQn 
than the control RroU])ii ^ oxcept for the valuan marked (-) in which more 
studontn Qhun/^Qd in ponltlvn direction for tlie nontrol croupn. 
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The null hypothot^in wac^ reJenLcn for coinparjiion (A), ''avainmri^" 
corjci.?p(;* At Dlif-htly 1&dl5 conridci-naj at apprcKiii^i' leiy ^ 0.10, 
tha null hypotlipnin vaD rejoutad for cDinrariaon (b)^ "pecrn" concopt and 
compf-riBOn ( C) ^ "enginMri;" conGcpt. Fur thesio co/npririBorii; h)ie alternate 
hypolhesiG statc^^ : "There a dlfrerenco "betvi^en the axprriiuen t/il inm 
control nroup^ in tho nunibor of chnnc^^C of percoptiomj of tlit^ noncept, 
favoring mores poHitive chm^i^ct^ for tha axpQrlirJGrit^^I groups", 

From TablQ II and Table III one nhould note that thca oaores recorded 
for ctiident parcoptlon3 of tlio selected QOnceptn ^onGrally deerfUisedj but 
tlKil a ^^eneral trond vas jjotod for tlw- nuTTiber of control indjvidual to hrtve 
decreaoGd scoros to be great or thiui tliQ nimiber of experimental croup 
individualD, 

^A t--test Linalysis for the averaco gain in score oTCr thci entire Tl-'Tg 
acadomlc year botvjetjn tho individuals in experiinental groupR tin comparGd 
to tho net change rocordod for th© indivifiuals in the control e-oups vao 
performed. The control croup change was OBtimated by adding the net avero^ge 
chanf^e from tlw two Bomestors and uoinfi the SSII variance froni the smaller 
control cTOup (Fall 1910)^ m the Yarlance is larger for that group, F-te?Rts 
on dlffGrences in variances were negative* 



Table IV 

Mean Gain in Seore of Individuals in EKperiinental aiid 
Control Groups on Semantic Dlffereritial Concepts 



ConGept Gain 

Experimental Control" t-=test 

Mean S.D. Mean S,D. ^ Value 



T\ituro Goal 0^ 3.93 ^3. IB 3*65 2.36 

Change 1,0 g,7i ^£,^9 3,55 2.69 

Thinking O.13 ^ -0.15 <J.5 

Peerrs -0.63 S.T5 -2.03 5.0 0.31* 

Engineer -^0.38 ^ -1.66 <1.0 

Instruction 0,19 . 00 -2.17 2.65 1,92 



I tc<^ .05j^ a. 05 

a^ie changes for an aqademic year were determined for the experimental 
group, 1971-72* while the gain for the contrbl group vm astdmatr^ from 
1970«71 and I972. ^ " 



JO 



ThQ will hvijatlianln for thii) L--:J/van^ "Cv^'r thu ^.e^Ocinlc yen.r 
thivrc ir; no di ITcronca luA \:cr-]i thci '■.■■j^-/r-i nieiiLal rruun and thu control / roup 

Domnjitic cliffcvrLnrlial." The null )i:/]^;.^}:C5^^iF: wnn roJactGa for tim cluihinjo 
in tbo porcoptif^n of tl]o ccn.c.--pL3 C}::.^;/:^^ I'liture GnuJ.^ ai^ a ^ 0.05 levf=;l, 
The n;!t.srnat(? l.ypothefils to ha anacicUvQ in stated l '"Tliere a ailTerc-nce 

(Chan^fi., Futiirt^ Coal) botvcon the e:qioiui;^Dntal ci.nd control ^i-oupa , with 
the ortperlmeniril r^roup apn^u;cntly havaij- the ah&no viovo pD;;itiv^." 

One UMC! of the semantic dif f^ri'/vtlal iu U\ analyse for ^:ross 
clumgon in attituae by taKinc a totnl kcoi^o sunuTK-d fi^oni the renponsoB luade 
to all conceptHi. A t--teBt vas used to tofi^t th'j nuill hj^othenin ; 

"There ±u no dlffcro;nce betve^ai the eixpc^riinontal firoup and control 
grouj) on chan£o in avera^o total score for all seu^antic aifferemtlal 
conceptG over tho couroe of a KemeKtssr,'' 

Tabled V ^ " ' 

Coi^ariBOn of Saort^ Oijinmed from all 
Seniantlo Plfforontial Concopts 
Betva^n Experimental and Control Groups 



Connmrison Prcte^ot PoEttost Mean S,D. t-teat^ 

E>rperiiiiental Group Jan. TS-^Mny 72 191.8 191.5 -0.3 13,0 
Control Group 205,8 201, S 11*7 ^'"^'^ 

^^^Pllot Experimontal Group 

Oapt. TO-Dec, TO 397.1 370,6 ^10.5 7.65 t - 1| o6 
Control Group 392 387 -^5.3 6,65 

Senior (Reference) 202 

*(a-0.05) " 2'06 

*F-tQjDt for difference in variance of change.- 2.0? (f = 2.72). 

a^0*05 

Includes the additional concepto Envi ronniental , Instructor, Aspiration^ 
AchiG-vementB, Socialisation, Education, 



The null liypothosin J a accopted for the Bprino scimesticr 71-72^ but 
ie rojocted for tho fall ^iomcfitar 70^71, The nat uaoro, for a]l conceptfA 
decraanad more Vov the o^:porimentaa fp^oup than for tj]^ aontra:i croup in the 
fall iioi/iGster 70»71. 



EKLC 
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Bol.h raaillLulinK and do vi,litatirj(^ anxiety vorft n nvpnti/ai.led. 
The annlyuls of the AAT instru:nf?nt in prtnuntcjd in Table VI. The t-teDts 
Kercg urg..1 to chock th?j null hypatlior, ea : 

"Tliiii'o is no differidnLU! in the clianga in dcbllitatinf' aiivlety beuv;etn 
the expc'riinentnl and contro]. groups In tha 2nd semeKter 71-72, 

"Tiiore is uo dlf f urencc in the clianau in facili tixiing anxiety 'b^i^:0Dn 
thti exjir rlmo;ntal nnd control CJ'oiipB in the 2nd ncimBtar 71-72." 

Thn t-test« i^oy-a vailuon ox t less than '^^=0^0^^ the nul]^ hypotheHln Iti 
not rejected. 

Ttible VI 

fitudont scorns on dchllitritlng anxiety and fnoilitating B,nxiety 

on the A/iT InBtruiiient for GXperijiiental mi control groupj;. , 1971-1P72 



G£2m. 



No, of Pacilitriting Anxj fity 
Siib,1eots Mean ■ Average? Gain 



Dabi.litnting Anxl cty 
27.6 



lUxparlirtontal 16 

(pre) 

(post) 
Control 19 

(pre) 

(post) 

Class 1971 9 
Reference 
Experimental l8 
Pilot 

(pro) 

(post) 



27.0 

29.2 

25.2 
26.lt 



2.2 + 3.3 



1,2 i 3.3 



■■t..".O jl 



27.3 



26. 5 
26.3 



-0.2+ k,6 



25.9 

27..' 7 
27.0 

26. B 



26.14 

27.0 



-1.7 + 3.65 
0.1 + 3.55 

0.6 + h.B 



a = 0.16 



0.10)'= 



Kxtfrna3^]jgtern of ContrDl 

Til© experimental Gl*oup took a pretcnt-pof.ttest with the llottQr 
Internal-Kxtcrnal Lpcud of Control. Scale over tho ^idwJcmic yoar IpTI-YS* 
The roiults arc presented in Table VIls including a t-t^at of thG hypothenlB: 

. . "Th^rc is !io da f fcrcnco in the mmn scoro of individualE betv/een the 
prc3tc?£^t and posttoDti" 

Tho hypothcsiin is not roJoctGd, altliouyh a chan^ie* towardR internali suit ion 
mm no tod. 



0:able VII 

Avera^Q Scoro of Bxparimental Individuals 
on Rotter 

Group Moan Bcoro^ t^t&ni - '^f) 



Pretest 0.69 l.OU 

PoBttect T.OO 



Ko Sulijjeats 13 (Oria Individual 'B scare wan eliminated from incD^taalon 
"by It n owl (f J d£C: of s t ud e n t * b p sy c o lo g i c al s t a t o wh e 1 1 t ah i n g the po si 1 1 e s t ) 

*ThG larger the nuraariaal valuer the greater is the external locus of 
control of the respondent. 



EnginGerinr; I'^gjiction 

The final form of the instruriient ^ including tlie scoring key 
devalopecl froin practicing angineors* responBes ^ is preoemted on the 
following pages, A comparison of* fitudent engineers' and practicing 
Gngineers ' responses is given on the sueceedine pages. 
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Tai- Ic VIII 
Hiif^ inoqrJ ii;^ runcl:. ion 1 1^^ L iMiinunL 



Flea^c rtuid ths? fnUowliig luoniH cnrRfullyj niicl them ciKik Lho acfion 
nLLnrimtivci Llmt you bcllrvo would be beaL, 



As a young ongiiv^&v with sonia limitted ftKpouiiince ^ your i^roup i ciudcn: 
gives you Ihc monLh ns^ignm^nt:; v;o\ild you CKpccI: your croup leader Lo: 

I li . CjJ:pl;'Ln how to pcrfDrm !;ha wuirk in duiuiil. 



' b . bn roudily ovallnlsLe \<'hn?ii you have dilCicuIty. 

' c. check your calculations in dGtnil, 

^ d. Ignore you for ^whilc^ after explaining your assignmcat 



2. now would you initinlly approacli a compLcK design? 



/ 4I . EKtimate the coi^t of each coinponont. 

i b * Da t u r ni 1 no t h o r c£ 1 a 1 1 vg i. ra| i o y t a n c e of each c om p o n a n L 

^ in the design, 

* c . Calculaue thQ siae of IndividuaL components. 

^rL_d. ComplGte tha final appropriate balance (masSj cnci-gy, 

force) . 

3, Which of the foLlowing problems best describes a professional problem? 

"V 3' Da.^ign a non-Inductive 500 ohm resistor capable of 

dissipating 20 kilowatts. 
f b, Calculate the inductance oP a 500 ohm resistor 

carrying a load of 20 kilowatts. 

DetGrmine the circuit with a 500 ohm resistance 
/ which can effectively carry 20 kw of steady power. 

Develop a theoretical non-inductive 500 ohm resistor 

for use in dlsslpnting 20 kw, 

4. A friend asks you to specify the skills uged most widely by engineers 
from the following- 

a . conimunications , 
/ b. mathematics 



, psychology 
d , sciGnce 



As an enf^ineerlng uianager, the mo8t important ^method oC operation in 
this capacity would be: 

- '1 * t:o rQf|uira data nnd logic for your clioicG, 

b , to provide rGasoned decisions . 
¥ * to ursfi Kubordinatcu? wisely and distrihutn your work to 
^ tliem* 
* to chock all the work of subordinataw . 



You are conCamplating a carnar vUth a lavm campany. IT you exjK'c-t: 
to odvnncn to an nxocuulve positLon, the nios L probable Ktrorting poinhj 
as indicjiUQd by presfinu execuuiva backgrounds ^ is: 



jx. laboroLory work 
_b , . finance 

^d, sales and maiMccUlng 



The differt^nca between a gciiaLh^l: and an Gngineer mipht: ha stated 
best QBi 



an engineer doeSj a scientist thinks, 
_b, an engLtiaar is concerned with the niacroscnpic ^ 
a scientist is concerned with the mi&roscoplCi 
_^c. an englncjer eKtrapolates , a scientist deduces, 
d - 



an cngln-iar crentes, a scienttgt examiiies 



/ 


a 


/ 


b 


1 


c 




d 



In generals what is industry's attitude tov^ards an educational 
leave of nbsence so you can learn pertinent new material in a 
formal study atmosphere? 

actively encourages one to return to fichool 
tolGratns more formal - schooling 
discourages one to return to school 
encourages night courses on your time as a pre- 
ferred alternative 

All engineer decides to seek employment with a new company to 
further 1iis professional career, He should- 

^ list a specific job objective, technical quallfl- 

. catioLiSj and a comprehensive personal history, 

^ b , list all the possible Jobs he might be interested 
,^ in and a detailed life historyi 

list the type of Job desired and relevant technical 

quallf leations , 
^ depict his Inteirest in several Jobs and write his 

friend (s) In management. 

A friend asks you to state the ability that Is most important to 
industrial professional advancement. It is: 

'■^ dependability 

^b, knowladne of engineering 



U^.J^'^ wso of ongtnGQring judgment 



wllllngnGss to assuuiG cKtra work load 



.1^ 



II » A friGnd nnk?: you to nlnto Llua Urn-J L thai: in vio^t neCGyHary to 
tlic porf ortiinnt'Q of n prorciJsioiTa L . It tsi 

I 

n . knowlad|.^u of englDuoriiig 
Jj. UHQ of oiiairiouring judgment 
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_ . c . , ability to obtain u^ito and iiaf onTintion from tho 

lltfiraturc or eKpcjrimcnit 
cl . ability to. work on a Utiam 

12. A job as^lgnrponL juot nivcn to you as a yoimg engineer is 'M:q 

provlda a control syntGin £01: tlia K-Y-^ production line." As more 
information is vimdod to dnslgii the control system, you firi^t* 

ask the operating enginoer to vary erpiidiUons in 
order to obtain good reliable data, 
derive the oquntlonK necesaary to determino she ^ 
effect of all par^imeters, 

look at old process operating condition data ta 
find a pattern, 
talk to the hourly opGratorg. 









a . 


• 


b. 




c . 








cl. 



13, Your first action as a production unit loader might ba: 



3. to improvG efficiency by upgrading operatioii prd- 
, cedure baaed oh the latest engineering analysis 

• b , to demand a tight hourly operation schedule for 
increased efficiency 
c. to work with the hourly operators' to develop 
/ mutual cooperation 

■ d, to ask^your supervisor for suggegtions on how to 
improve che process efficiency 

14, You need to prepare a government proposal on a subject on which 
you have little knowledge/ You first learn about the subject ^ 



/ 



by taking a course in the subject 
_^b. self-study of texts and articles 

_c. by calling others in your company or , instlty tion who 

might help direct you 
^d. by relying on ypur research director to give 
instruction and texts . 

15. In preparing for a plant shut-down for periodic maintenance, your 
strategy is: 

^ a . parts should be replaced only If fouled. 

b , parts .should be ordered to be replaced as they are 
found defective , 

* parts should be replaced based on a multi-year 

master schedule. 
. nn analysis should. bo made before shut-down to 
determlnci nil possible trouble spots, 



1 
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16 Furtihor pilot plant; data is nGOded befoirc a new Ghnmlcal product: can 
be commarciaU^Gd, The amniuit: o£ tlmo tihat should bo planned for 
would prpbnbly bo; 

a, 2-3 months 

{ b , i'-S years 

c . 3 months - 6 months 

/ d> 1-2 years , . ' 
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17,. An engineer should be ablu to work bcBt from a base of: 



a 



broad technical knowledge. 

b. tiGchiiical expertise in one area. 

c, Gxpcartise in an engineering science, such as chemistry. 



"d, technology and liberal arts knowledge of a broad charac- 



ter 



A professional ongtnGer should concern himself with a list of consid- 
erations in the design of a plant unit, The best list from the fol- 



lowing is: 



safety, air pollution control, asthetic effectSj 



economics . 

maximum return on investment, society constraints, 

c. rfiturn on investmantj flexibility of equipment for 
^ the future, safety, 

/ d. economic efflciencyj safety^ pollution. 



19, Most active engineers stay current by; 

^ a, taking refresher courses; every few years. 

^^~b, continuously attending professional meetings, 

^1 maintain their competence through their work* 

:S d, independent study. 



■ I 
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17 



VlQi^^^a xa.u] Lim foriowinfi iLcMno cnrofully, and than chnck thu action 
^1 tcj^iaUivG you heUcVQ waulcl bo best:. 



I. 



1: 
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1. Am a youn|^ ni^jlnficir vllh j^oma 1 1ml Icul uxpGrlnncGj your ^jrnup le^uler 
..JP/^?\a^aiL..U.U?/ni^ ni,^:]5nmnnt: wcujld you Cixpoct youv group iGfidor t:o* 

ci . Gjrpl^^in how l;o perform tho worlc in dcLall, 

^^J^..L^.J^^ rondlly avalUihlc whcin you have dl^ficiilty. 

^-'^ " . rhcch yonr col c\^lat:xnnis . in detnil. 

Ignoua you for awhile after aKplainlng your asoigntucnL. 



2. Uov.' woul(] you initially approacli fi comploK dcfjlgn? 

ZMZ 



— n 
b 



Estiinnrc uha conL of nch coTHponcnt:, 
DetDrnilno the rulaUive iinportance of each componGnt 
in the. dGSign. 

CalculatG the si i;n of individual compoacnts * 
ComplRitu the flnnl apprDprinte balance (maEsS, enGirgy, 
f orccO . = 



3, Which of th^ following prpblemH hont dascribea i\ prof Qs^ionfil problcnif 

4 ^ ^ a. DG^^lgn a non-lnductlvQ 500 ohm rGsistor capable of 
dloBlpating 20 kilowatts, 

Calculfii:© tho inductance of a 300 ohni resistoi^.f 
carrying a load of 20 kilowatts, ^ ^ 

Determine tha circuit^ with a 500 ohm rcsifltanca - 
A^hich can effectively carry 20 kw of stq^idy powcDr, 
Develop b theoretical non-inductive SOtl ofiinrresistor 
for U80 in dissipating 20 kw* 

4. A friend asks you to opacify the gkills used incat widely by engineer p 
from the folldv^ing: . ' 



b 

^c . 



I 



I 



_ n . coinniunicaUlons 

3 b , math Quia tic^ 

^ c * psychology 

^ d . science 



5* l\H an onglneorinK manni^cr, the most Important method of operation in 
thif^ capacity would bur 



4 



^ , a , 



to require data and logic for your choice 
to provide reanancd dcciHlDn^, 



AJ_ __S' * to use HuburdinaUcn wisoly and dintribute your work to 
thom. 

^ cL to check all tho work of £jubni%clj nates . 



Tho first column presGnta resuUH for Chemical UnglneorinR Becond 
somostor juniors; the second column presents rosultg for young practicing 
englnoors from a variety of industrial and government concorns/ A code 
has bnen cstabliBhedt AIM RO-^IOOX roply on thla cholcet' IM 50-80% 
reply; 2 25«50% reply; 3Q^S.25% roply; 0«5% rc*ply. 
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fi, You arc connamplatinji n career with a larHn couipony, 1£ you expcci: 

to ndvnncc to an ckqcuI:L%^g posltiion, the nioR t probubla Hrijrtina in^int, 
fiH indicated by proyant oxocutiva biickoraundi; , is: 

^„'1„„ . V ^ ' laborfitory work 

... ■ b , flnanei'i 

y _ c > enginc^criiig (dc^ipn) 



salea and marketing; 

Tim diffmrcuice btitwnoFi a scicut5.Ht and^an cngincar mioht bo BtaUcd 
best ae: 



n. ail enginaar cloeH , 'a ■ tJcieiitis t Uhinks, 



an tuigineGr is ccmcerned with tlw mcicruncopicj 
a scientist is CQncurnad with the niicroscupic , 
c. an Gngineer extrapolates ^ a scientist: daduces. 



J^_j\. an onginecr creates^ a scientist Gxamines. 



0. In general, what is industry's attitude towards an educational 
leava of absence so you can learn pertinGnt hgw material in a 
fomal study atrnQspheire? 

— ^. 3 actively encourages one to return to school 

3 b , tolorates more formal schooling 
^^.^ " discourages one to return to school 

— . encourages night courses on your time as a pre- 

ferred alternntivG 

9, An Gnginecr decides to seek employment with a new company to 
further his professional career, He should: 



/ 



10. 



-^^g^a, list a specific job objectlvD, technical quallfl- 
^ , cations, and a comprehensive personal history, 

list all the posfilble Jobs he mlBht be interested 
3 ^ ^ in and a detailed life history, 

^O^-' c. list the type of job desired and relevant technical 
3 qualifications* 

— . — ^ depict his interest in several jobs and write his 

friend (s) in managaniont . 

A friend asks you to state the ability that Is most important to 
industirlal professional advauccmGnt. It lai 



dependability 
^b. knowledgo of QnBlneDring 
^c, use of Gngineer ing judgment 
jL willingness to assume cHtra work load 



ERIC 



U. A friend asks you to Htntc Uu- trait thut 1h uont i^.^-snry ; 
tlie pcriormance ol; a prof CfiHinna I , It j r.: 

— i - 3 a, knowlc.cico of fngiticQrin;.' 



12, 



13, 



14. 



jt__c. ability to obt^ilri daca,nnu in ftn-nu, tiou iLum tlu- 



15, 



J Litfj];«tui:o ol- a xpc3rimci.it 

■i— ability to work oii u taim 

A job^assiamnent Ju«t givfin to you as a younr- miBin.o,= ''to 
provide ^ control Gy«tenifoi: thn X-Y=Z production iur: .- \s .-m 
information is neecJcd to dauim the control flyutam. v^-. fir.f ' 



_d__a. ask tlm opavfltinB englMdr to vnry cunditions Jn 
ord&r to obtnin yood rulinble dat;, . 
derive the equations neconsnry to dDtrerudne thn 
effect of all pftrfiinQtoi-fl 



____c, look at old procGKii opernting condition duta to 
find a pattorn, 
talk to the hourly oporatorsi. 



Your first action as a production unit leader might bu 



a , 



to improve Gfficiency by upf-vadint? opftr:>tioa pro- 
_ ceduro based on the latost cnrinecriur; .^nalyiJis 

— - ——J'' to demaml a tight hourly opciration sclir=dule for 
^ . . Increased efficiency 

-r— to work with the hourly opc;ratori to dovolop 

mutual coopiiration 
— '^to ask your suparvlisor for «uEseationa on how to 

improve the proccas efficiency 

vou havS H.Jr'f ' f fvirnment proposal on a subject on which 
you have little knowledge. You first learn about the Mubjact, 



± 



_a. by taking a course in tho Kubject 
_b. self-study of texts and articles 



by callins othera in your .company or institution who 
^ might help direct you 

• . ^y rolylng on your reaearch diiroctor to cive 

■ Instriictlon and texts, 

* 

Jtratesrisf periodic malntanancs, your ■ 

^— • " POvt^ should be replncQd only if faulod 

parts aliould be ordurod to bo replaced nu thoy are 
found dof active . / » >• 



- b, 



3 c. parts should bc5 replflcod baHed on a multi-vQar 

. mas tar achcidulc!, 

, ' ^iOL— tl. nn aiifilysis ishould bo made bnioru yhut-down to 

Q daturiniiKs, all pofjsil,ic! trouble spots. 



20 



Furtlicr pilot plant tint a is natMled bffoL-o a new clic!nit:a3 product am 
he; coiimiarriiiUcGd. The aviumnt a£ tlnicj th.u. 'ilinincl he [.J.-Jiiiiod fur 
v;oul,d prohnlJly be I 



3 


3 


0, 


a 




h 


-a 


f 


c 






cl 



2-3 oiontlu^ 



An englnpnr whoulrl nble to wnrk bw;:;t Crarn n hvm of: 

. / £ a ♦ brn^^ci lochnlcnl knfn^lodgGp 

^, S tech ui CO I eKpcrLJ tii ana /irna , 

^- ^ ' technology and l iberal arLs knowlodco of a broad chnrpc 



ter. 



A professional engineor ihould conncirn himself wtth a U.nt of consid- 
erations in the design a plant unit. Thy bftst list from the fol- 
lowing Is: 



^a. safety, air pollution control, asthetlc offGCts, 
economics . ' " 



maxlmiiii return on investTncnt:, gociety constrainta . 
™= ^ return on invastment, flexibility of equipment for 

4 tha future 5 safety. 

— . economic efficiericy, safety , pollution. 

Most active engineers stay current by: 



^n* taking refresher courses every few years, 



^ continuously attGnding profGSslonal rasetings, 

^* maintain their cotupatence through their work, 



_5 _ d , ^ indapendent study, 
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In Table IX are Ihc^ rof^ultn <.n the ytiu^-n^n- avu'r;;*jn loiuJ nccri-^ 
aucoraing to Iho prnvluu.ny d^vLai/Utl key, A qI u-j d.lfrnrcpcc 

in c^'in lDatyoc:j! the crcnip^ in Ipcludca, n,r-i ioiuud Ir. l^-v: not n:u:n:i.r icunt , 

Table IV 

Coinparii-Don of Groi^p f-joan Totril tJcores roj- jndivldu{.l(^ on the 
En£:;inecr;Ln£; I'^uueblon lLf.w:^'u.;ncnt 



0.80 



Gn'Oi_ip HGan Qaln 

E^rXjarimcntalj Pretest i+0*6o 

E5:pGrimsntal, Posttest US.i^O S.80 

Coirbi^olj Pretest 140*6? 

Controls Postt(0Ot 0.66 



The indi-v^idual items were analysed by chi-Douare stt^tiotics for 
alfferences in nuniber of rGEponeDR marking the^ jTrefarred ruaponBe (va3ue 
^0 and all other responBon (valuo l^o) for tho group comparison: 

A) Experli:iental5 Pretest - Pocttest 

B) Control, Pretost - Postteot 

C) Evporimsntal Protest - Control PreteBt 

D) Experlin^ntal Posttest.^ Control Posttest 



These comparisons are listed in 7able X for those changes which were 
largest » If a chi'-square value is not given for a change for a given Item, 
the value was not significant and considered ncsgliglble^ 
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RoGponnu:j-SnieC)t</(i 5 L'lrcG Value Incnponiicn 



n f n M "Ti 


Ti^ nrn 


X2 Val.ur; ■ 




jif xp 1 X in . i i o I, e n 1 * =r o 1j ly fir i > 
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\ 1 O *j U L C » J U 5 J.. L^i £3 ^ A 
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1.66 


( + ) 




Experim, PostteBt - 










Control Pos^ttGst 










(Experinu § Larger 


1( 


8.88 


( + ) 


Significant 


Value - ^ ) 


8 


a.. 88 




Significant 




15 


1.29 


(•0 






16 


0.68 


(-) 




Experim* Pretest - 






(+) 




Control Pretest 


l» 


0,68 




(Expcsrlm* 5 Larger 


8 


0.12 


(+) 




Value = + ) 


13 


0.55 


( + ) 






15 


2.25 


C-) 






16 


3.97 


(-) 


Significant 



An interestinc comparison is how inclividuals with eternal or internal 
locus of control in the experimental group fared on engineer Ing function 
attitudes. Taking a cut-off of ICEC score = Yt a comparison was mado Tjetween 
external and internal individuals for final rnean value on the engineering 
function and mean gain for Individuals, 

Table XI ^ 
Control of Mean Final Score 5. Engineering function an Mean Gain ^ 
Engineering Function as a Function of Locus of Control 



No. of 

Subjects Locus of Contro] Mean S,T), t-tent Gain 



t^tcot 



Internal 



1,31+5 1.055 
1+0.5 H.5 - 1.0 6,T 

(a ^ 0*20) (ff ^0.32) 



The experimental program haG a tendency to help cxLurnal individuals 
uchievo greater insiolit into attitudes of prDfessional engineern. 
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DISCUSSION OF RKSui/ra 



A restrlntlon In lIiIh study wan the conn Lrnlnod clinlco of groujiH (My pt* 
I orrar) and tlu^ limited nuinber oj: yaibjc»ctw, jlowiivGr, within this iiniLLatian 
Bovcirnl hJ [^nir i cmt rcyulta wcira abtalnGd , ^ nud ganerally pusJtivc trends for 
thc^ fKperimontal group noted coiiiparcfd to tha truiidH in the uuntroi 

gioup. 

This pionaaring effort oif a Inngltud inel FJtudy of vnrinblGS in tho 
aflecUive dairjnin has alfiu dcumoiiBt ratc?d uoim iinjuirtnnC cliaractcrist ic:s ol: 
engineering students. The EPFS n-acli mean Kcure is not ?5i gnJ i icantly dlfrer- 
ent from tliat of all colleae malcM Cnoriii providnd by the publishcir oi IlPPS), 
Uppor lovGl enginGcrlng Kutdents pereejitionH of concepts (1 ns tructioii , peer^ , 
thinking J engineer j future goal, and change) nn meusured by an Osgood -jii 
Semantic Differential, tend to remain fairly constant or perhaps more percept 
tions become negative than becoma positive. 

Ncjod for Ach i^Qvement 



The EPFS instrument chosen for measuring ii^ach has been shown to Include 
items measuring intrinsic need for achievement and fear of failure to 
approximately equal weight ^27) _ j^^g^ j^^^ failure at assigned tasks is 
measui^ed as- well as the inner drive to be successful in a task* There has 
been little correlation with the EPPS instrument with indirect or projecLive 
measurement of n--ach* In fact, the obscirved tendency of persons having high 
EPFS n-ach scores to avoid immediate risk is as if they were in fact more 
strongly motivated to avoid failure than achieve. ^27) ^j^^^ finding appears 
to agree with the facts that (1) the experimental group had a decrease in 
dcbilitationg anxiety (D.A,), while the control group had a negligibly small 
change in D.A. andCii) the EPFS n-ach mean score for the CGntrol group was 
larger than that of the experimental group, but, were non--signif leant . The 
only conclusion that should be made Is that engineering students have approx-- 
imately the same mixture of need-^f or-achlevemsnt and fear-of-^f allure as do 
most college males. 

Seman tic Differential 

From Table II we note that engineering students do have some feelliigs 
about concepts that have been traditionally assigned to them. They are most 
positive about "thinking'' and task-oriented "future goal" and least positive 
about "peers'^ probably due to a lesser degree of affiliation motivation, 

The number of negative changes in perception of concepts was signif- 
icantly greater for the contrpl group for '^en2ineer"s while the net average 
gain for the concepts ^ "future goal" and Uhange" were significantly greater 
for the eKperimontal group at so, 05 and the concept "ins tructioii" was 
greater for the OKperimental group at --^o,07. In general the control group 
had negntlve changes in concept perceptions, while the experimental group 
had a relatively conntant perception of conceptB relative to engineering 
and onglneorlng settings. 
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PrcvlouB utuidUB have CQiicQut ratuci an find ing uarralni: i utiM Imtwucii 
stiudcaiL poi/fionnl.Luy p^tt:eru:s nnd the i^umimtic Dl f f ort^ntini . ^^^^^ it 
would Hcein that Lhu mumilni^ ol vhc mi^uHun^^ concept h uJthar incruflsed in 
clnrJty or reinninod clc^arcir jn tho hUikIluiLs' mliidH in tliu oxpur iinenral 
firoup compared to conLrul Qxomu ii: can ho cinnlocturnd thnt the 

experiiiit'ntal courjjo provided nrentou iiiiMahl: into concepts during a 
strt^ftHCul Lime in their colleivi.ate careers. llowavcr, Jt is diffLeult to 
inUerppL the rc^BultB, in ll|^lit of tha pu^^Hlbla uncurtainiuy of mc^aninp 
being mcenHurcd by thc^ Rcmnntic dif f r ron t i nl, <29 ) ^.j^^ proHonL nnthnr npvov^, 
with this latter idon on the uncGrtainity of the nieaiiing bclne iiien^^urGd, 
capccinlly in light of the contrdiytory rRHults uf thu pilot program. 

The pilot program was conductmd the prevlouB yenr during tlia fall 
semester. For the basic conccipts used in the research pxograni, little* 
diffQrenca was noted hetwaGn the axperi niyn taY and control groupti (TablE 
III). However, with the six additional concepts tested in the pilot 
study, the chfinEcs were more nefiative for the experimental Eroup than 
the eontrol group. A net ^summed' score for all concepts was obtained 
for each group, and can be used to obtain a qualitative sense of the 
positive or negative state of the grQups at the time of the testing. As 
the pilot program had a significant decrease in the summed scora for the 
experimental group as compared" to the control group, the experimental group 
might be supposed to have changed negatively. the posttests were taken 

at different times for the two groups, the experimental group may have been 
begative because of impending pressure of final e:^ams. In addition the 
workload for that semester was particularly high compared to other semesters, 
and this may have caused negative feelings. It would seem important to 
remember thsis difference in posttests, and not attach particular referGnce 
to a statement about the experimental course* 

Achievement Anxlrity Test 

Both the experimental and control groups gained In facilitating anxiety 
over the course of the academic year. There was no significant difference, 
although the gain was larger for the experimental group. At '^-^0,16, it 
was shown that the debilitating anxiety decreased for the experimental group 
as compared to the mean for the control group, 

It has ^|en found that the AAT Btrongly correlates with academic 
performance. 21) ^ negative correlation exists for debilitating anKiety, 
while a positive correlation exists for facilitating anxiety. Most other 
anxiety measures do not show such correlations, <30) using theae measures, 
it was found that there was some effect between anxiety and success with 
programmed learning and between anxiety and level of intellectual ability* 
The work by Denny^^^-'^ showed that highly intelligent students performed 
better and less Intelligent students performed porrer if the students were 
highly anxious as compared to students with less anxiety but the same abilities, 
In general the results for programmed learning have boen Inconclusive, and 
one can state tliat it uppeara both high and low anxiGty students lenrn equally 
well form programmed material- This is an important point as programmed 

learning is the major method of content knowledge acquist ion in the 
experimental course. 
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Thu prcKCint: ];uwiilts and disuUHsJnn n);raG wiLh tlu; nrBuiUPiiL Hint tihu 
tCfsLliij^ proccidurc^, miuu inuiLipJG tCHtw nftar nHcuvtaiuod projuirci t ion un 
honiuv/ork prubJ^^iiiB , will roducn undua t:cinl:-tnking anx.LPty and inairaaye 
pDrrunnancc^. Tliu i-CKuitB , arc rather j^cuiiarkablu udu-ji nuc coiiBidiMrH Lhc 
liinJ ted HamplG n and that" Ihiy is only odg caurHO out: .o£ £iv^ or six 
takun by the junioi: students. 

Xtyt c r 1 Kx tQ rn a J hn c iis g f Co 1 1 1 1:^ 1 

ThGre was n daflnlte aliift toward tlie Internal dlreutian for the cvpcr- 
iniGutal group, nlthougli not a BignifJcant: incrensG aL: the 0,05 level. Theyo 
results are in the same dirGction as the Blgnlflcaiit difference found for 
a freshman Guided Ihyjign courBe (Tyung and WalGS, 16). The studeiitH conti'ul 
much of the environineiit in the eoursc, as they help choose a tent tinie, nnd 
they were in chares of the defsigriH witli a fair degree of froadoni as to the 
type of answers. Thus during class time thay were eKpectsd to pcrfarm 
clasJHv/Drk, but at thair own leisure and paco. The change in the Internal 
direction would therefore seem likely* Guided Design courHes appear to 
increiafi^e the deaireable trait of intarnall zation of locus of control, Thin 
trait ±B desircEable as internals are mare eooperativej Belf-rel i an t , courtaous, 
and have a greater work knowledge and tolernnce for work load.C21) 

Engineering Function 

There was an overall increase in the understanuiug of the functioning 
of engineers by Junior level students ^ but the increase -as not significant 
(Table IX), Fartly this is due to the fact that many the attributes of 
the method of operation of engineers is already understood by the junior 
sttidents (in both the experimental and control groups). 

The instrument developed in this study was a good one, but further 
refinement would provide for an excellent general questionnaire on the 
profesBlonal attitudes of engineers. In addition to the items 9, 11, 17, 
and 19 discussed in the Results , items 16 and 18 would require improved item 
statements. Two items, 6 and 8, were primarily investigatlne Industry 
attitudes, A questionnaire on Professional Attitudes of strong validity 
that could be utilised at present is one composed of items 1,2,3,4,557,10, 
12,13,14, and 15. 

In examining Table one concludes that the experimental group made 
significant strides compared to the control group on (Item 4) understanding 
the in.protance of communication as compared to science and mathematics, and 
on (Item 8) knowledge of industry's attitude about continuing education. 
These results can be attributed .to the emphasis made in the eKperimental 
Guided Design course on written reports and group discussions in connection 
with engineering design. This emphasis is lacking in traditional anglneGring 
courses. Conversely, on Item 15 the industrial engineering control students 
Initially had an excellent knowledge of strategy to use in maintenance and 
shut--down but lost it over the course of the year* A manifestation of time 
of' "presentation of procedures and practice in maintenance and scheduling is 
the most likely explanation of this result. Industrial engineering 
empliasiEGS tills aspect of engineering in tlieir currlculm, v/hilc it is usually 
ignored in chemical engineering* 



An jntci-t.'HtJna coinpnr.i.Hon nn p L-ofess I on;i 1. fimcLioninn t>r wiiirin.u.rs 
licitwoen extCM-iiaL and liiLonuil stiulaiUH wns ulU-ained In Tnblc XI.' A 
};n in in knov; I of on)-,] iicisr I nj^ I'nnRi- i cmlna v/n.r, ohLni ncul bv axucrnnl " 
studfnts. It would appt.'jr cliaf. the lii'oup dyiiniiijcs of tlic o'tiidtid Dc^Ji.n 
coin:«t. tiiicoui-n-yi-s these students io learn the pi"ofcaslcn;i1 attitudcH f'i:,|>hn- 
sjAc.d in tlic course. 

The prc-ennt analysLH is conccn-ncd with nicuiaurlng a tirni which rontnlns 
both the cogiiJtlve iiiid uffQcUive doiiwinK. Pi:c>vlous work with coursut; 
utiliaing prDBriiimned InHtructimi h;in fiEjauincd programuied iiiwLruction tfic-l"? 
indeperidcnt thj-king nnd Judgement: . (32, 33) ^^^^^^ results liavo been nhta tnt-d 
Ihc. present course assumes that the best results are obtaintd in the Forma] 
xznd training through design projects. The attitudas of SiLudGnts towards 
fin appj-oach to complex problQms requires a aianificant Ifingth of tinio . ( '^^ > 
A portion of the Qttitud&a can be maaaured by questionnaire, nnd thetjt 
attitudes hnve bean tapped by the present instruinent. The fact that ti singli 
expGrimental course caused increaaed gLiins in a positive diirection in these" 
traits IS highly cncouraijlng. 

Genora l 

It is importflnt to note that the Qxpeirimental group had signlfacflnt 
differencea m gains, or at least gains in the preferred direction, in the 
four affective areas examined: Perception of Concepts (Osgood's Seniantic 
Differential), Internal-Kxternal Locus of Control, Debilitating and Facili- 
tating Anxiety, and Understanding of the Funationlng of an Engineer ^ 
As noted previously, the results on Need for Achievement are ambiguouB, 
bGcause of the inflppropriateness of the instrument. Previous work haa 
indicated subjectively the same or slightly improved knowledge In 
content and the cognitive domain. <1^J Such positive results "lead a 
praBmatlst to say, "This Guided Design course looks goodi ]at's keep 
developing it as it appears to offer considerable improvement in dealing 
with the modification of certain affective characteristics of engineerinc 
studonts. 
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CONCLUSlONy AND HJUiOMMKNDATIONS 



Iinprotant signi.f leant: difrufencas Jn t:hc prcrcM'rcid clirunLlon wt^ra noLvui 
for Ulic cxperlmentnJ group cainpnrecl to Uhn conLirDl groups wiLh rcspcuu: (n 
(i) poraoptlon of ulic concapLs ^'cngiiiacr" , " f utiurt^ f^o^il''j and "change'' al ^^0,05 
and "ingUruction'* cil: ^"0.07, (11) cluin|.^o Jn debllllratilng onxloty nt'X^O.jn^ and 
(lii) tihange in ytiulent percaption of the^ Iniporti^inct! of comiijunicn Ulons as 
compared to niatli ^nid science nti'^.^0*05. ClinngejG jn the prolarrfd dlrectlan 
were also noted to be greater for thtj G^Mporimentii] Hi'«^up on othar senmnulc 
diff crontlal concci^ty^ f srl].l tatlng anMicLyj and understanding of Uho function- 
ing uf englntiGrlng In general. The experimental group also Ltmdcd to iDeconio 
more In ternallxGd. The sum of these results inay be IntGrpeted thnt the 
experiinental Guided Design course does positively influence studGnUs in the 
affective domain and should bo considared as an iinprovemcnt in course design. 

Continuing effort should be made on substanl ating or finding significant 
results for the noted trends* In particular, it ib recommended that further 
work be performed v^ith 

(I) Achievement Anxiety. It appears that student anKiety cmi be changedj 
and thus academic performance can be improved by the correct test 
procedures* ^ Substaniated results would be very noteworthy for 
educational design* 

(II) Internal-External Locus of Control. As students Improve their 
concept of self-determination ^ mora productive engiiieers and students 
would be trained. The idea of a course design enhancing this trait 
is important to education, 

(lii) Professional Attitudes. Documentation of Improved results in 
creating a professional attitude in students is very important^ 
as this is one of the chief goals of GuidGd DGsign philosophy. In 
particular it would be impartant to test these changes over 4 
years of college. 

These recommendations are already being partially implemented In 
subsequent studies by the author on I.C*Ei.C, and Professional Attitudes, 
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Appendix 1 

Course StnicUure ?.itul other Descr i pixvc Mnl-c]: i .Us of Courna 



COURSE STRUC'JUriE 
Ch_. 1". lAl Th^ ,jTii jdvnam Ian 

Preface: 

This course wil l, ba a slhi L "HclJi-pachJ jouia,j of a prab] tun -or tented 
wturR„ The text kLII be. "Pr jgriirmed Tlifi,imndynamt c.= which ih designed 

Z£E£ partlclpaticm in l&iirning and studying the iiiaterial in this 
course^ Explanati ans and dafinltlcns of :;iinoepte nre cjearly prc^santed 
in detail in the text; thertti;.-rfcu alnii>wt n;» timia will be spent in class 
lecturing on those points. Instfiad, thai'iMdynamic dcia^.gn prciblenia \d,ll 
be solved during class as the iiiDst c££lc!iant utilizgtlon of tiniB to help 
you learn this mrat important skill. 

There ^>lil be flvfc sections of the couvee. A stir.tion problem set 
will he due be^ire you ar*i allnwad to tskfe the Torres poinding ftxajju The 
exam shauld be taken at a mutu&lly designated tima any time up t.:» the 
section deadline (ste attached ciuurse se«tiun tlmatabla) . NOTii,nail,y the 
extol, is sahtdulM tuV ona houi;; hawaverp eii±ra time will be avallai?j.e If 
you so deslrE. Examy will raquira tha uda &£ dssign princi.pli^s. 

This couT-se ^dll use many probiema £vcm Physical Chp^mlstry^ eithej- 
directly or modified, to show the :ceIflti.onship bscwesn Engineering Thmrwi- 
dynamics and Cb.£niiral Thermodynamics, Tha two are obviously vary wlmilar 
in structure- however, enginecirs emphflalza flov (cpten) systeins and use 
material property dl,i.grams imich more eKtftnaively than the chemist. Hope* 
fully, a greater apprfitilatiun of this relati4^nship will allow for imitual 
reinforcement and eiihancymant of your peri;,;.n:wnce in both chemi.ial eugl- 
neering and ehemistiy. 



3] 



becoming a o:t chGiniviJl nngLncr^t'., Tbti obj.; ■..ty t:^ d.:» dL.oign wo/ k Jh jjne 
distinguish v.ng m^.rk oj: ^t^gin .r.r. DiV=.f:-yri f mvr'ft: tnan thi% aal^rrr;..; c ion 
of Giqulptnc^nt £;Uc^; in IL^^ br j^d c^nL^^.Kt, it. U Lbu 5.inLl^..^i^ of a nc,v 
solutitm tci a given pr nb i em by Nuj upp i.ilcy t j oij -^y ail tnc^ appr.:fp:r i-iie 
facty lit Tim tl>t^ rnbTiT l^j^^s ^qi aatsi ;Li-^':.:M^blt:, 

OrgaiTLsati >aa 

An outifn^ c^e thr^ rcursa pi^;^i^nt£id (Tabi^ I) to indiriatft tli€ p:njg« 
rasii ywu sho'jld be m-King In tM^ ^^:.^^:vsp, In a^.:tual f^nt^ mo^t of the 
content mli l&arnc;d by y,:u tlircugri SHli-study of tb^L ta:s:t« Theru 

be little press'urA .Mt ulafes pr^paaratirwi on day-tD-day b^«is| you 
iijuat use s&if-dtJClpiim in ordc^r to Hun^mcia in this ctiurse,. ^ The obj«nt 
of this d^Lfit^itently pa i^d QMxMa to taa^h thinking acA design skills in 
Thsrraodynaml^is p and, in thlh pro-i^ti^Sg In^rn m.y*:^^ fc^fptent nMterlaX^ 

Thusp thfii class ^'^ilj. divided into driEign grcmps 4-6 pfcople^^ ^^i^ 
w,Lll then wark togftCher on dssigna^d tasks, Tb^. pr^fcM^^scr ^& job ±^ to 
micfjurage and guidft you t^:<:^m^ thin s^alr-le^xiring p:cocc:3s c^f p&rf^^rmlng 
a design ttwk. 1 will dvAiiabift ilw c^axji-nvltati^m Ix I am freei C&fee 
firy card at my o^IHIq^^ Ro^jm 41/) ^ Flv'fjT^f: do frr^^ tv^ in iin mgt^ 

whatber to ch^.ck on tbc^. dH\:^lgu prjblt^ms In thc^. Prv^granrfiitd Text or aa thsi 

The grading v£ tbrt cr^\irse will btv, ecmK^'rfi^iC dirf ci-'c-:nt t!/.an yau may 
have fencountcred pTOviously*^ I v^:t'uld kiXpmct that: nwBt &tudt^nts v^lij pro^ 
caed on time can obuMn a B; in pyrti'iulars tba prjjbl^^m sc^ts shDuld be 
dona and ri^donG .(based cn my djrii^tu.d guidance) uatil y/ra imve corrn^itly 
submitted tbo prcblm^. The pr^ ^t^dt.v^r that wrMt b^ v.moA ownllnp.d 




In the following. 
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GrndLiiQ: 

Tharc will ba two typu^. of prgblDnis on tlm lonmwDrk ot^mdard prablcniii 
involving tht^ niore sitiipl^?^ inttillectual skills and nytcrlsk probluima Involving 
more oC the higher levtl inttl I ectu^^l m:ide;S^ 

ThQ eKamHi ivill ba div i«)cd Into tvu parts ^ a standard Rxani and a pfcrfaxTn- 
ancc< t;xam« The^u tvo part • jxrespond ^ rftsptctively , to th« standard prob- 
lems and tb^ as tfcrii:k/dd^;^gri problems. The standar d ©xam ^>:i II only bo 
graded compluit^ or ;nwcmp:u^s; a. It will be pattem^.d after the self-quia 
quest:Uns and ansv^rs at tM conalusion of each chapcer in the to:Kt, The 
perfMrnanci^ exam %vill b^ grMad two ways completed number of problems 
and performanc*^ p iiats t^hich will include pa^rtial cradit, A typical ques- 
tion might be ta lisc tha important conslderatiTOS in a design similar to 
that done In cla^*s^ 

The grade crlte;rla niLCBSsary to guarantee one's grade is as follo^i 

Table 1 

Criteria Grade 
1^ M/i standard problems ^ani standard ©Kams Gompleted^ C 
2e CritGria 1 + u:^cnplfetian of 3 asterisk pr":?bl«ms /section B 
(Total ^ 15) and 3 prablexnp on the perf ormamt^ mim 
complet&d^ Aiitive partinipation in the design prajects 
is required « 

3t Criteria 2 + 300 peri.irmance points. Asterisk problems A 
completed over and above criteria 2 will bo wrch 3 
pcrfomance points each. Credit will be given to the 
group m&mbers for the design preje-t (60 pwints available). 

4» Standards not niftt (coinpl eted) . p 
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"Complcl:ioii'' of a pi'oblem ineaiis that the problem was dona in a correct 
manner. Thr^rG aie nboat 80 stmidard problems and 45 sstorlsk problems 
in the aou/sn gtrucit;ura„ 

EKaing will be opLUi book. Tlierra %^11 genGrally be 2-4 standard ex^ 
problMs and 1-3 parfornianne problems on th© GKam. TIig number of perfoTO- 
nnce pDiritg will vaiy according to the lis tings In the c ours e swhGdule 
(total ^ 400). Extra time Is available for this exam, A typical good 
perforMnue exam bcqtb will be 60"70%. 

Problems may ba submitted as often as desired until the problem la 
"compl€ited'% &x-©pt for deadline provisions: If the initlai submittal 
of a problem occuri after the ddiadline. It will be graded only once. 
Initial problem aubmittal should include evidence of effort aKpended on 
th© problcim. Resubinittal of a problam must include the original problem 
and in'atructor aonmients^ M asterisk problem may be substitutad for a 
standard problem. Half-credit for perfomance points wi.ll be ^ard&d on 
Initial submittal of an asterisk problemp if deserved^ 

In order to take the extoi, all standard problems for that section 
must be cDmplet&d, Standard exams may be retaken until passed^ at your 
direction, after a three day wait. A/ second performance ©xam part may 
be taken for each section] the highest score will be the score used in 
the final evaluation. If the exam is Initially taken after the deadline 
datOj only 2/3 credit will be given. This implies the necessity of the 
completion of one more standard eKam problem, 

, If anyone cannot meet standards because of deadline dates come 
to see me to work out special arrangements/assignments. 

If anyono is sick or ^has specific problems^ special time extensions 




arc available s 
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Tablfc 2 Caarse Section O utline 

Dead 11 

End of CL%ss 
Design and 

goctitgn Prg'blcva: Set 

(J&Kmn Points) 

I Chapt&r 1-3 (50) Sapt. 8 Sept. 13 

:L1 Chaptfer 4-6 (100) Oct. 4 Oat. 18 

III Chapter 7-^9 (SO) Oat. 20 . Oc^t. 27 

IV Chapter 10-12 (100) Nov. 12 Nov. 20 

V Ph^slital Equilibrium^ Dea. 8 D«s, 17 



Hand*-Oats 

(100) 



The standard fer^^^ juuiit be 
passed befor© the pwfrormance 
eijCTOi may be taken in a given 



You may proaeerl ahc^ad on the problem sets and frx&ns a^ fast as dealrnd; 
In fsot^ yon enat^uraged to finish early 1^ possible^ One© you have 

finished all section ©Kams^ course att&ndance is no longej? mandatory^ You 
are still free to retake any exam^ howevM^ The: £;Lnal exam psrlad Vtlll be 
available: for ai^one that deiiriiis to take an examlnatioru 

A good T&il^rmi^m tmit tJT Physical an2 Ch™inal Equilibrium la G. 
Denbigh^ the Cambridgti ?r^.^B^ '^Prinuiplas u£ Chemical Equilibrium", Prob^ 
lem solving tan be aldtd by the pcvnkat boDk^, R. J. Beaman and Be ChU| 
AddiBon^Wefilc^ys Probl^vms in (Jhem i.eal rh^rmu dyri^niij28 ^ 
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STKUCTIIRK 

Sr.ucUura i 

Thuro wl LJ be honiawark aBsignintnica made at least onca a week. They will 
be £*raded nnd tlien diBcusriod during Did riext period or t%^o. Two design 
reports wlJl be conipletod during thu course of the senieBter, 

Thur^ will be two Lype^ of eKnniB given; one type ±h n Problein EKam and 
the other type will be a DeBign CKnni. The Problem Exaii! will contain three 
problems of the minimuni Btnndard problems that must be accomplished success- 
fully, and one niore dlfilcult, challenging problem. The Design Exams will 
requie the una of design principlGB in a ne\; situations and may b'^ based in 
part on the above-mentioned design reports. 

Course Grading* 



Oradad by Instructor Expected Level for Grade 

£ 1 £ 

lloiiework Standard Problems 50% # 50% 50% 

Performance Problems - 50%Cavg) 50%(avg) 

Each problem will be graded 
on 0, 1/2 5 1 scale only) 

//-Student will redo new problem set until this level reached. 

Design Reports • Acceptable Acceptable Honors (avg) 

^ - Student will redo reports until acceptablei 

Problem EKams 60% # 80%* 80% 

#-Each exam section must be retaken until 60% scored, 

^ - Exam may be retaken once to Improve score if passed 
initially. If failed initially, a grade of 60% is entered upon 
passings unless a second grade greater than 80% is obtained, in 
which case the latter score is entered. 

Design Exams • Minimum Minimum Honors (ave) 



Content Materials I 

Chemical liquillbrlum, Author, WVU Faculty 

PLCRE (Progriimmad Learning Chemical Reaction Engineering) ^ R,S. Fogler, 
Uhiversity of Michigan . ■ . 



To: Junior Ch. E, ScudenLK 
Fromi Dr. John T, Saars 



Th e r md dy n a mi c s avid Klue tics 



As a ttiaahQt^ 1 would like to sne you dGpiirt from chio course witli aome 
very real gains in your educatiDiinl develapment » These dGvelopmentnl goalB 
cmi be listed nnd explained in tlie foliowing Lliree educational goals i 

1* To provide materioL which niakos it possible for ench student to 
demonstrate that he can recall^ manipulate^ tranBlatej intcrpet, 
predict and choose the appropriate Thermodynamic or Kinetic concept' 
in problem solving. 

These six intellectual skills are the necessar^y framev^ork In order for 
you to solve a giveii problem. Recall is the most basic , and it is the one with 
which you are most familiar* Manipulation of equations , extrapolation of 
curves are specific examples of these skills. The specific skills and concepts 
you should learn in this course are listed at the end of the chapters in tlie 
text* The standard problems and exams explained in the accompanying course 
description are given so you can practice to perfection these intellectual skill 

2* To provide course work which demonstrates what chemical engineers' 
do and to provide practices and to demonstrate how he can interact 
to provide a better society so people can live better lives. 

The choice of design problems and/or consideration of social constraints 
was made to remind you of this important criterion if we are to provide a happie 
more tolerant world for ourselves and our children, 

3. To provide experience in the primary function of a college education i 
for a student to think for himself logically, to learn to gather 
for himself all necessary information , communicate ideas and use 
the three intellectual modes of analysis j synthesis and evaluation. 

The use of design problems i and multi-skilled problems requiring the use 
of the intellectual modes, described as performance and asterlck problems^ are 
included in this course to enhance your intellectual achievement through 
the use of the three intellectual modes. Although not emphasized In this course 
I feel that clear, concise communication of well-thought Ideas is one of the 
best examples "of the use of intellectual modes in an open-tended problem, 

The third goal was listed last because it is the most important goal. 
The Intellectual skills are needed in order to operate in an intellectual 
mode, but is is these latter abilities which mn«tly determine your future 
success i The intellectual abilities stay with you when the transitory 
knowledge fades, --Education is what is left after you have forgotten the facts' 



Snin pie Evam 

37 



On ti: ■ I.:^:: prc-j;,- : ft V'r 



^■-^^--y^. ....... J 

I 



--) 



li - 0.03. .J™"-^^' 



0.301. f lv<^md 



J 



Kor ii p-'Co.v.i-ttan ^r^ii^s of D k ?0-' t.:oIwD/;-r. . 

!;u-u»: sn^ ;J v ,,,,, cv.--. .u;;tn.. - .k- tor ; . ..1 

iu/t '.f, ,;!.>.:;. a. ..; loy> i,.,>; ynur x - ui^v . 



ERIC 



f 

I 



38 



Appendix II 
Examples o£ n 
Stiudent Design Uaport and a Guid^id Duisign Project 

Guided Design Prnject on Relative VQlatility in Physical iiquillbriuin 

Pg, 39-43 

Student Design Report on Project to Evaluate a Solar Enargy Plant 



i: 

i.! 
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pGiinvllIe PetroLciitii Compnny 
Madisoii J Pcnn.sylvfiiiin 



Present; 



Jerry ALles, Light: Ilydrocarbon Section ChiG f 
Jim Newnicin, Trainee Engineer A^Kigned to Section 
Samunl Oi SlieUmQr, Design I^ngintiQr 



Tapod Nofrcs 
June 16, 1972 



Jim: Yes, there seams to be somathinB amiss in the driers. They haven't 

required any reganeration switch In 9 months. nUhough Sam says they 
ware designed for intorchanso about every month. I'd like to get in 
there next shut-down and see what's wrong, 

Jerry: Beforewe do that step, let's analyse the system thoroughly. It's pretty 
expensive to tear into a unit. b y ^ prcLcy 

In 1, f-f'/ refreshers. What does the flowsheet of this unit 

' un^? « 1 , - '° hei'e since- you holped design this 

unit. Would you explain the details? 

Sam: "Here's the simplified flowsheet. The propane and purified chloro- 

propane mixture is flashed to get dapropani«ed chloro-propane . This 
Jhe1uo^°l%o:1ale''""°" aleohol reactor to prepare 

Since hydrocarbon and chlorine storafie accumulates water from air- 
in;. '^'^^.^^'-^^s were added to remove this dissolved water since 

.the dehydrogenatlon catalyst is very water sensitive. The driers 
whnfthf oJLr h paeked bed. Ona drier la regenerated, 

valvJnf^ f saturated with HgO. When this happens, the 

nil. - if."^■^"=^«^ «° the regenerated bid is now used to adsorb the 
rystem. accomplished and still maintain a continuous flow 

Jerry. How much water is dissolved in the storage tanks anyway? Maybe there ' ^ 
not enough water to worry about. , fiayue uicic „ 

Sam: No, if equilibrium Is reached, the solubility limits are 100 ppm fwt7^ 
for air at 100% humidity water vapor Q 25°c/ Chlortna usunll/hai ^ 
about ^0 ppm (wC/e) , ' 

Jerry: Is equiltbrlum rGachGd? , . ' 

""'"^ Ta'oln^'U '°"%f""^ the -storage tank the last three days have shown 
58 ppm, 62 ppm, 61 ppm. The chlorhio hns contninad the 20 ppm. 
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That's high enouah. Probably It is just on indication of the normiil 
relatlvG humidity in air. 



Jim; What hoppons to the catalyst If there *n too much wator? Could the 
molecular sieves be inadequatG, but tha effect' of wator isn^t that 
important? 

Sum: No, if the water limltB are ^jrcecdftd by much , tho cotnlyst becovnus 

. poisoiiGd as the llgO is pref Gr^ntially adsorbed and the conver^jon of 
chloro-prapane to chloro-propene dropa from 99% efficiency to about 
507p efficiency in a matter of days* 

Jori*y: Well, it appears something is funny/ It should be lookcsd Into, althougl 
It is not critical since the system hag been ou-stream and opGrating 
very well for these 9 months since start-up, 1 don't like opening up 
the driers and hope it isn't required, jim^ why don't you check the 
design calculations and then recommend a course of action. 
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10 atm 

ChlorlnD Liquid 
'(with HpO 
inipurity) 
47,800 lb/day 



ALLYL^ ALCOHOL 
CIILORINATION^SEPAIIATION UNIT 



Schemeatic Flowsheet 



Separation 
DistillaUion 



Liquid 
Return 



ComprDasor 



Condc 



8, atm 



Ultrnviol cd-Lighi: 
Liquid Chiorlnation 
Reactor ■ 



T - 15°C 



Liquid 



Other Units' 




irocarbon 
Storage 




nser 



f-^^ Coollni 
Fluid 



88m% C3H^C1 
6m% Clg 
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s/ Indirect 
^^Heating 

T ^ 103°G 
P ^ 8 atm 



Vapor Recycle 
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Flash 
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DGhydrogenatlon Roactor 
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INFOimATION DETAIL ^ 
AUyl Alcohol .Chiorination Sfiparation Unit 

Molecular Sieve Driers 

-Each, 100 lb, II^O adsorption capacity 

T ^ 3l°C 

Flash Separation Unit 

Major Constituents, Liquid Product 

97.8m% Cgll^Cl . ' ' 

I,2m% CI2 

Chlorination Reactor HCl - Vapor Overhead Stream 
Distillation Peed 80m% HCl' 

CI2J ^3^^gs rmpurities . 
Product 99m% HCl , 

Gigs C^Hgj Impurities 
Chlorination Reactors 

U.V. 

Reaction: CjHg + Cl^ ^ CgHsCHgCl + Gig 

(Only reaction to be considered) 
Deyhdrogenatlon Reactor ' , ■ 

Reacttonj Using Catalyst "A"s 

C^lijQl^^^U^C - CH - CHjGl + H2 
Allyl Alcohol Reaction 

Reaction^ Using Catalyst '^B" 

250^0 

C^H CH - CHjCl + Hj- — ^CgH - GH ^ CU2OH + HCl 
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SOLAR BNlSnGI PACKET 



iiU'fimltted to - PTE Corporation ■ 

MorgantoTOi, V/,Va, 



by- Monohe sen- Junior Co. 

West Virginia University 
Morgantown, V/.Va, 



Abotraot 

Investisating the feasibility of developing 
Indiviciual povrer packs i capable of delivering 20 
kilovmtts over an eight hour period In the desert 
r.eglcns of Nevada, xielng solar energy. It has been 
found that ouoh a power pack can be built, employing 
a paxmbolle mirror assembly and a black body heat 
exchanger in conjunction with a small turbine and 
other supporting equipment, as desorlbed herein. 
After oonslderatlon of various heat transfer fluids 
for use in the system, the f luorooarbon, dloloro- 
dif luoromethanei ( produced by E.I, DuPont & Co* un^ 
der the registered trade name Freon 12) ymm adopted 
for the power pack. Total plant effioienoy for the 
proposed system Is low and has been approximated at 



The basic objective of this repoi^t Is to % 
outline the flow system of the proposed power packi 
that is, to explain v?hy this system has been adopt- 
ed in prefei^enoe to other syotems and ?ihat consid- 
erations have been oeleotively included in the bas- 
te design. 



Several conslderatlns have been made in the 
seleotlon of a heat transfer fluid. The most Im- 
portant of thooe InoludG Its heat capacity over the 
temperatures used, the relative slzo of Its enthalpy 
domef its oharacterlstio vapor pres sure at the up- 
per temperature , and Its orltloal temperaturG and 
pressure. These factors will be dlsoussed In some 
detail! hovrever, various considerations of lesser 
Importanoe such as toxicity, cost, relative avail- 
ability, chenlcal stability, and general handling 
problems of the 'selected fluid were applicable , but 
will not be dpoumonted here, ' 

The heat oapaolty of the fluid has been con- 
fiidered in an attempt to optimize two effects. If 
the heat oapaolty is large, the effioienoy of the 
plant will be lovrorj hovjever. If the heat oapaolty 
Is small, the inoreased bulJc of the equipment used 
in the proooss will proportionally dilate the Ini- 
tial construction costs. 

The relative size of the enthalpy dome is 
pertinent because in the liquid - gas system the 
fluid must be oohdoneod. If the enthalpy dome is 
wide in this region, a great deal of work will be 
expended romovlns this heat vrhloh here again V7i 11 
out down plant efficlenoy. In an attempt to avoid 
this, it has been elected ^o operate close to the 
oritloal point where tho dome is at a minimum width. 



Tho turbine Is more efficient nt highor 
pressure and since tho fluid enters the tux-bine un- 
der its own vapor presBure, it v?ris desirnblcs that 
tho fluid ffluat have a roasonnbly high vapor pressura, 

The most Important fluids oonsidGrod for tho 
systom arc th© folloiflnsi ammonia, earbon disulfide, 
Proon 11, Froon IZ, Preon I3, Genotron 21, Preon 11^, 
and water. After a reviev? of all avallnble data, 
with respeot to the various oonslderatlons desorlb- 
ed above, it was decided that Proon 12 (dlohlorodl* ' . 

fluorome thane) would best suit the needs of this 
system. ^ ^ /-ri|£<^-^^ 
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Resulte 



The proposcid flow Bystera that has boen de- 
veloped Xb one that oontalnra a comprossor, a reflec- 
tor unit, a small turbine uniti and a blower heat 
exohanser. The electrical povfer will be stored by 
a nlcJcel - cadmium battery system. The calo^ulated 
efflolenoy of the plant process vras 7,5^« The re- 
sults of the deslsn for the greatest effioiencles 
of each stage were as follows. 

Based on a 85^ compressor efficiency, the 
work calculated when lib, of Preon 12 at a tempera- 
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ture of 100 P is Is corapressod from l4o Ib/ln^ to 

2 

a pressure of 500 lb/in is 1,00 BTU/lb. Using a 
120 lb cycle operation system and a cycle rate of 
1 cycle/min for a 10 hour day - the total work 
done by the compressor Is 72,000 BTU/day, 

^ The heat added In raising the Freon to 5 
280 P by the sun reflector is 120 BTU/lb or the 
total heat added for a 120 lb operation Is 8,640,000 
BTU/day, assuming the mirror system to be 90^ effi- 
cient. 

The efficiency of the turbine and the ex- 
changer together willbe taken to be 75^. The heated 

Preon is fed to the turbine vjhere It Is expandGd to 

2 

a pressure of 144 lb/in at a temperature of 150 P, 
The VJork obtained from this expansion is 9 BTU/lb, 
and the 10 hour total work is 648,000 BTU, 

The Preon enters the heat exchanger at l40 P 
and at a pressure of l44 Ib/ln^^ ^j^^ heat removed 




7^ 

by the air fan system is 100 B/u/lb and the total 
heat removal for 10 hours le 7,200,000 BTU/day. 



LOoTs.K 'bom C)V Compressor 



"9 i 14o PSia 

4. 

K- coo Psic*, 
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Dl50\?gsj.o n 

In draftlne tho design of a power plant 
which Is to oparate on solar enorgy, the eriergy of 
the sun's rays is ooncentrated using parabolic mir- 
rors In ooordlnatlon with a black body heat exohang 
er. During a ten hour operation day, l60 kwH of 
power is stored employins a nlokle - oadmlum bat- 
tery system. Due to the size and cost dlfferenoes, 
this system was seleoted in deferenee to. a proposed 
oapaoltor system. Following analysis of the Intrin- 
slo seasonal disparities in the available solar en- 
ergy , an average energy maximum and minimum of 
1800 BTU/ft^ and 891 Ba?U/f t2 respeotively were de- 
termined for the system in the arid Nevada region. 
The plant Is desisned to operate as speolfied at 
the minimum radiation level, This Implies that 
durlns the summer months of maximum radiation, a 
suffioient exoess of povrer is produoed such that 
either the daily operation oould be ourtalled after 
about five hours or the exoess could be stored in 
a speolfically adapted secondary battery system, 
allowlns subsequent withdrawal on days of unoommon- 
ly lower solar radiation, 

The syetem Incorporates an adlabatio tur-.. 
bine as well as a compressor system and two Isobar- 
lo heat exohangers. One of the heat exchangors is 
heated by the sUn and the second Is cooled by a 
blower fan typo meohanlom, using air as the second 
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fluid. Thus heat is expellod into the atmosphere. 

To produce the amount of elcotrlolty requlr- 
od, a direct current generator Is used, because if 
an altorimtlng current eanerator Is employed a reo- 
tlfylng system would have to be purchased In order 
to store the electricity In the battories. For l6o 
KWH of eleotrlolty to be senerated, 561 cycles of 
the system is required dally, with one pound mole 
of Freon 12 in each cycle, Eaploying a 6OO cycle 
per day or one pound mole per minute use of Preon 12, 
the work day was designated at ten hours , and the 
excess povror produced being used to operate the fan 
meohanlsm, the liquid Freon pump, and various other 
electrical requirements of the plant. 

The possible source of errors ,Bncountered 
in the designins may be inassumedi©fflclenoies of 
the components of the system, although these cffi- 
oienoles were assumed lower than the normal values 
to allow for such possible errors. It was also 
assumed that the eleotriolty to run the seoondary 
heat exchanger fan was small compared to a conven- 
tional refrigeration system, and the work required 
to operate such a system. 
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It is conoludod from this dosign that a pow- 
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er plant oan produce olGOtriolty from solar enGrgy, 
The design has no rav? raateriala except air and the 
Freon 12 ^ and is very stable and has a long llfo span. 
The heat exohanger has no oostly ref rigoratlon sys- 
tein whlah v?ould inorease the initial cost of the 
plant, and little maintainanoe cost for the system* 
The design allows for weather faotors and is self« 
sustaining. Thus, the design proposed meets thw ■ 
speoif ioations required, fpor more acoui^ate data, 
a pilot plant should be oons true tod to siipply such 
desired information, *? 
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RECOm'HDATIONS 



It is the opinion of this firm that, while the pro- 
posed plant Mill provide the power speolfled ,it is not 
an efficient method of producing that power as oompared 
with other sources of power In the area. It Is felt that 
the Initial costs vrould be so great and the effioienoy 
so low (lesG than 10^) In oonjuntlon with the possible 
technical dlffloulties having to with soveral assumtlons 
and estimations that were made In the dbslgn that before 
any action Is taken, Inthe eventuality that such a plant 
is built, further studies be made. The major areas of 
this study should inolude .total energy avallabae from 
the sun, the use of an air heat exchanger and ihe fluid 
used in this proooss. 



Plbllo^q 'ciphy 

cm Handbook of Chomlstry and Physloa . 
Cook, Solar Cell Reoovery. 

Himmelblau, MM^^^JmiMM^t^AMB2m^3S^ism.AS. 

Chemic al Eng ineering , 
Daniels and Alberghettl , Physloal Chemistry. 
_Mathesbn Gas Data B oojc 

Perry's Handbook of Ghemloal E ngineering. 

Pov?er Sou roes Convention, 22nd &2^rd. 

Physical and Ther iaodynaalo PvopertlRR n^TCiejiii^rit s 

and Compounds . (Chemetron Corp) 
Shepherd, Introduotlon to the Cas Turbi ne. 
Solar EnerCT Vol 13#2, May 1971,' 
BJerknes, ■Vllhelm P., Meteorology. 




ERIC 



63 



Appendix III, 
Ills u rumen t Sainples 

Samples of the Inatruments^ 

Osgood VB Semantic Differential 
Achievement Anxiety Test 

Rotter "5 External'-Internal Locus of Control 

Edward-s Personal Preference Scehedule Need for Achievement 
Is Copyrighted and Published , " 
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DIRECTIONS: 

CeuLain Ideas meflri different things Co different people. This scale 
consists of six concepts (change, thinking, engineering, future goal, instruction, 
and peers). Think of each concept as a continuum running from one descriptive 
word to Its' opposite. There are six descriptions to be made for each concept. 
Please Lndicate what those concepts mean to you by placing an X in the box 
of the continuum which most closely resembles the meaning of the concepts to 
you. If you feel, that the concept is closely related to either end of the 
continuum, place the X in the box on the appropriate end. Moving the X toward 
the middle box indicates that the concept you are rating is less related to 
one of the descriptive words at the Gnds and going in the neueral dii-ection. 
An K in the middle box would, therefore, indicate that uhe concept. is neutral 
or aqufllly related to each of the descriptive words. ' 

Please check all the items and give your firs t impress ion as soon as you 
are sure you understand the description of the concept. <^ 



EXAMPLE 



Father 



Fair 



Unfair 
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Future Gon I 



bad 

colorful 

unsuccessful 

weak 

wise 

hard 



colorlesa 



Successful 

, strong 

_ foolish 

soft 



Instruction 



colorless 

unimportant 

good 

ac tive 

fast 

strong 



colorful 

important 

bad 

passive 
s low 



Peers 
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weak 
calm 

important 

kind 

foolish 



B trong 



axel table 

unimportant 
cruel 

__. wise 



Change 



important 
bad 
ugly 
active 



good 
wise 
active 



kind 
weak 

CO lor less 
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unimportant 



' good 

^ ' * beaut i f ul 

' * . p passive 



slo^ ■ ^ ^ r r t fast 

strong I I I : weak 

Thinking 



bad 

foolish 
pass iye 



strong ■ t I ■ ■ weak 

soft • . . . , 



hard 



unimportant ■ ; ■ ; ■ Important 

Engineer 

P^^^i^® , ^— - I : ^ I active 

f as t * * . . 



s low 
cruel 
s trong 
colorful 



- ' — . — - - :__:,.__ * » tanitninQ 



Please do not spind too imich time on the following items • Hiere are no 
rigit or wong answers and therefOTe your firat response is topOTtant, Mark 
T for triia and F for false* Be sure to aniwer every question. 

' 1* A problem has little attraction for If I donH iiilnk it has a T F 

solution, 

2. I am Just a little unooitfortable -c-gith people unleas I feel that I oan T F 
understand their behavior, 

3. There's a x±^t way and a 'tJrong way to do almoit everybhlng. T F 

^« I would raifter bet 1 to 6 on a long shot than 3 to 1 on a probable T F 

winner. 

5* The way. to understand complex problems Is to be coneerned with their T F 
larger aspeots Instead of breaking them Into smaller pieces. 

6m I get pretty anxious iffcen I'm in a social situation over whidi I have T F 
no control. 

7# FtaotioaDJ.y eveiy problem has a solution* T F 

8. It bo there ra when 1 am unable to follow another pereon's train of T F 

thou^t. 

9« I have always felt that tihere is a clear difference between rl^t and T F 
wrongt 

10. It bothers me when I don't know how other people react to me. T F 

11. Wothlng gets acoompliahed in this world mless you stick to some T F 
basic rules* 

12. If I were a doctor^ I would prefer -fee uncertainties of a psycbiatrlst T F 
to the clear and definite work of someone like a eurgeon or X*^ray 
speoiriist, 

13# Vague and linpreseionlstic pictures really have little appeal for ma. T F 

lU# If I were a scientisti it would bottier tm that work would never be T F 
conpleted (because science will always mke new discoverlee). 

l$m Before an examination , I feel much less anxious if I toow how many T F 

quegtiona thera "vdU bet 

16. The best part of working a jlgaaw pusgle Is putting in that last piece. T F 

1?. Some-U,mes 1 rattier enjoy going against the rules and doing things I^m T P 
not supposed to do. 

18. I don^t like to work on a problem unless there is a possibility of T F 
coming out wl-to a alear-^eut and unambiguous answer. 

19. I like to fool around witii new ideaS| even ^ they turn out later to T F 
be a total wait© of tttm . ' , 

20 ^^fect balance is the essence of all good conposition. T F 
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AAT qUIiiSTIOKMAIRE 



please print 

?!!ih ^? ^h' ? There are no rieht or wronp an..ero to the questions below. 

''^Lf on^'oflJor^?"""""'.'"' alternatives, and you are supposed to 

. J,c=Lt one of tlmm. Please read each questicm carefully and put a mark (X) :n 
thu pair of parentnesea to the lefc of the alternative which you think b^^t 
repreGents you. Plense answer all the questions. . 

i-. Nervousness while cakinp an exam or Cost hlndera me from doins well. 

) Always 
) Frequently 

) Sometimes • 
) Rarely , 
) Never * 

2. T work most effectively under pressure, as when the task is very important. 
C ) Always 

C ) Frequentiy . , 

( ) Sometimes 
C ) Rarely 

C ) Never . , 

3. In n course where t have been clolng poorly, my fear of a bad grade cuts dtwn 
cif f xciency - 

) Never ' " 
) Raraly 
) Somcitlmes 
) Fraquently 

) A].ways ' . 

Wlien I am poorly prenarad for.rm eKam cr test, I net apset, md do lass well 
cvan my restricted knowladRa should allow* 

) Never 

) Rni^ly 

) SometimQs 

) Frequently 

) Always ■ . . 

5. Tha morB important the tiHamitiation, the Icies wenj. l s^Qm to do. 

( ) Always ' 

( ) Frequently = 

( ) KornGtlriiiUS 

( ) Rartaly 

( ) . Nevor , 



6. While I may (or may not) be nervous b-fore 

se^w to forget to be narvouB. ^-^^^^ taking an exain, once I start, I 



( ) Always 

( ) Frequently 

( ) SoniQ times 

( ) Rarely 

( ) Never 



C ) A ^ 

C ) Frequently 

( ) Sometimes 

( ) Rarely 

( ) Never 



8. r^ervousness while taking n test helps do better. 



( ) Never 
( ) Rarely 
( ) Sonietimes 
( ) Frequentlv 
Always 



9. 



When I scflru a test, nothing is able to distract me. 



( ) This is always true of me 

( ) Thia Is frequently true of me 

( ) This is .sometimes true of me 

i > This is rnrely true of me 

i ) ' Thl.^ Is not ti-ue of me 



10. 



1 find thaf. my mind noefl bl-ml-^at- t-u^ u - ^ 



( ) i almost nlv^ays blank out Ht\fJrst 

J ) I frequently blank out at first 

J ; I some times blank out ,it first 

( ) X rarely blank out at first 

( ) I never blank out nt first 



( ) Nuver 

( ) Rarely 

. ( ) Somot lines 

C ) Frequently 

( ) Alw^ayii 

12. I look forward to eKnmff , 

( ) Nuvi^r 

O , Rn rely 
ERJC SometiiiMi!!^ 
-h i^ ii fnumrfr i m i n " Froquen tly. 



C ) i never faal this way 
( ) I rorcly foej. this way 
( ) -I soma times fee I this wnv 



( ) T froqufeintly feel this way 
( ) f almost always feel this way 



\ ) /.i^ivays 

( ) Frequently 

( ) Some times 

( ' ) Rarely 

< ) Nevi^r 



------ 



( ) Always 

C ) Frequently 

C ) Sometirnum 

( ) Rarely 

( ) Never 



16. 



I enjoy taking a difficult exam more than on easy one 



( ) Always ^ ■ 

( ) Frequently 
( ) Sonie times 

( ) Rnrely 

( ) Never 

( ) Never » 

( ) Raraly » " = 

( ) Sonieitinies 

( ) Frequcmcly . 

( ) Almost always 

la. The more importnnt th« ax.„, or test, the better I nam, to do 

( ) This is always ttn& of me 

( ) This is frcuquently true of me 

( ) Thi8 Ib sometiines true of me 

( ) This is rarcay true of me 

( ) This is never truc^ of me 



19. 1 don't do well on a difficult Item at th* beRlnnlni:- of an exam, it 

tends to upaet me so that I block out even easy questions Inter on. 

( ) This never happens to me 

( ) This rarely happens to iiie 

( ) This sometimes happens to me ^ 

( ) This frequently happens to me 

C ) 'Th±B alnost always happens to ine 
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SOCIAL ATTITUDE SURVEY 

bol'L Jh ^'ir: should chooa. or WTo^ you would like to 

or wioni.n^or:! of porsonal belief; obviously the.e arc no right 

one lfo''"nc"uro to'?' 1''"' -SMyUv but do no sp.nd too much ti.o on .ny 
one Lr.om Be suru to find an answer for every cholco. Circle Che letter 
representing the stnten^ent «htch you choos^ the more true of the p"r 

neither onf ""^ discover that you believe both statements or 

beUeve to bo t ' the one you more strongly 

DeiiQve to be the case as far as you're concerned. TTso try to rc-oond to 



1. a, 
b. 



b. 

a . 



b. 



a 
b 



a 
b, 



ChUdren get into trouble bccnuse thetr parents punish them too much. 
ea°y onlhem"' ^''^^^ren nowadays in that their paronts are too 

P'oplouty^rr'"^ in people's lives are partly due to 'bed luck 

icopLc s mislortunes result from the mtseflken they tnake. 

enough "'«j°^^^^=^"^^^hy we,:hflVQ wars is because people don't tnke 

enough Lntcrest In politics. . 

Therewlll always be wotn, no matter how hard people try to prevent them. 

In Che long run people get the respect they deserve In this world 

m;;^tef hof,^^' '^"^^^^"ufll '3 worth often p.sses unrecognised no 
macter how hard he tries. 

The idea that teachers are unfnlr Co studerits Is nonsense 

Most students don't roallKo the extent to which their grades are 

Influonced by accidental happenings. " 

Without the right breaks one cannot bo an effective leader 

Capable people who fail to bacome leaders have not taken advantage of 

CUolr opportunitlQs. . 

Ho matter how hard you try some people lust don't like you. 

People who can't got otherg to like them don't understand how to get 

o Long With othGrn. ' fe^i. 
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12. a 



8. a. Heredity plays the major role In determlnging one'i personality* 
b! It la one's gsperlencee in life which datermlne what they're like. 

9, @, I have often found that what Is going t© happen will happen. 

b. Trusting to fata has never turned out as well for me as making a 
declaian to take a deflnlta course of action* . 

10. a. In the case of the well prepared student there is rarely if ever such 

a thing as, an unfair test, 
b. Many times exam questions tend to be so unrelated to course work that 

studying is useless, 

11. a. BeGOmlng a success is a matter of hard work, luck has little or nothing 

to do with it. 

b. Getting a good job depends taatnly on being in the right place at Che 
right time. 

a. The average cltiEen can have an influence in government decisions* 
b! This world is run by the few people In power , and there la not much 

the little guy can do about It. 

13. a. When I make plans, I am almost certain that I can make them work. 

b. It is not always wise to plan too far ahead because many things turn 
out to be a matter of good or bad fortune anyhow. 

14. a. There are certain people who are just no good, 
b. There is some good In everybody, 

15. a. In my case getting what I want has little or nothing to do with luck, 
b. Many times we might just as well decide what to do by flipping a coin. 

16. a. Who gets to be the boss often depends on who was lucky enough to be in 

the right place first, 
b. Getting people to do the right thing depends upon ability, luck 
has Little or nothing to do with It, 

17. a. As far as world affairs are concerned, most of us are the victims of 

forces we can neither understand^ nor control, 
b. By taking an active part in political and social affairs the people 
can control world events- 

18. a. Most people don-t realize the extent to which their Uvea are 

controlled by accidental happenings* 
b. There really is no such thing as "luck". 

19. a. One should always be willing to admit mistakes. 
' ^ b* It is usually best to cover up one's mistakes. 
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20* a* It Is hard to know whether or not a perion really likes you. 

b. How many friends you have depends upon how nice a person you are, 

21, a. In the long run the bad thingi that happen to us are balanced by the 

good ones * 

b. Moat miifortunes are the result of lack of ability, ignorancej laglneas, 
or all three, 

22, Iflth enough effort we can wipe out political corruption. 

b* It ts difficult for people to have much cqntrol over the things n 
politiciaria do in of flee, 

23, a, SoEaatlinea I can't under stand how teachers arrive at the grades they 

give, 

b. There is a direct connection between how hard I study and the grades 
I get. 

24, a, A good leader makes It clear to everybody what their joba are* 

b, A good leader expecti people to decide for themselves what they should do, 

25, a. Many times I feel that I have little influence over the things that 

happen to me, 

b. It Is impusilble for me to believe that chance or luck plays an' 
important role in my life. 

26* a» People are lonely because they don't try to be friendly. 

b* There's not much use in trying too hard to please people, if they 
like you, they like you. 

27 • a. There is too much emphasis on athletics in high school* 
b* Team sports are an excallant way to build character. 

28. a, What happens to me is my own doing, 

b. Sometimes I feel that I don-t have enough control over the direction 
my life is taking, 

29a a. Most of the time I can't understand why politicians behave the way they do* 
b. In the long run the people are responilble for bad government on a 
national as well as on a local level. 



